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GENERAL INTRODUCTION 
Chinese pigs, particularly those of the Meishan, Feijing, and Minzhu breeds, are 
known as highly prolific because of their large litter size (Rothschild, 1986; Haley and Lee, 
1990; Youngs, 1993). These Chinese breeds, however, have undesirable fat composition 
(Gianola et al., 1982; Legault et al.. 1985; Gandemer et al., 1992; Patrick etal., 1993). 
Since the improvement of reproduction traits, espedally litter size, has a huge influence on 
economic return, researchers have attempted to determine the genetic potential of using 
the Chinese pig breeds in the commercial swine industry. The method of choice for 
improving the reproductive performance of Western swine using Chinese breeds is to 
crossbreed these prolific breeds with less prolific ones (Yen et al., 1991). Several studies 
have provided strong evidence that appropriate products can be developed and released 
to the markets (Legault et al.. 1985; Rothschild, 1986; McLaren, 1990; Young, 1992a, b). 
The porcine stress syndrome (PSS), first described by Topel et al. (1968). as an 
inherited neuromuscular disorder in pigs (Christian, 1972). Three possible genotypes 
(normal, canier, and stress positive) are controlled by a defective recessive allele at a 
single locus. Animals carrying this mutant have increased meat composition (Lundstrom 
et al., 1989; Murray et al., 1989; Aalhus et al., 1991; Pommier et al., 1992; Leach et al., 
1996) but produce poor quality meat (Christian, 1972; Christian and Rothschild, 1981; 
Jones et al., 1994; Leach et al., 1996). Increasing consumer and packer demand for lean 
meat has led to an increase in the use of tiiis PSS gene. While Chinese pigs produce 
carcasses inferior in composition ti'aits, but superior in meat quality ti^its, animals carrying 
the PSS gene perform in the opposite direction. It is reasonable to assume Uiat tiie 
combination of these two genetic resources, stress gene and Chinese germplasm, would 
improve weakness of each. 
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"PSS gene is not considered desirable in female lines since it has adverse effects 
on reproductive traits" (Stalder, 1995). It is not possible by the use of Chinese pigs alone 
to improve the female line production In the new modem swine industry. But a combination 
of Chinese animals and some other breeds superior to the Chinese pigs in other economic 
traits would seem to be an available altemative in the production of synthetic female lines. 
Thus, two possible options for utilizing Chinese pigs in the swine industry would be 
aossing with some selected stress negative breeds to produce synthetic female lines or 
combining them with animals carrying the PSS gene in order to produce terminal sire lines. 
Selection is necessary to improve breeding stock and is the driving force In genetic 
improvement programs. Estimates of genetic parameters are required in the construction 
of the selection indices (Hazel, 1943). Accurate parameter estimates are paramount to 
maximizing response to selection. Several methods had been developed to obtain these 
genetic parameters, heritability (h^) and genetic con^elation (rg). Henderson (1963) 
proposed the use of linear mixed model to estimate/predict an animal's genetic merit 
Meyer (1989) inti-oduced the derivative free restiicted maximum likelihood (DFREML) 
algorithm for use in simultaneously estimating environmental effects and variance 
components. Boldman et al. (1993) also developed a manual outiining the use of a 
DFREML program to estimate variance components in either single or multiple trait 
analyses. Accurate parameter estimates are of great importance in determining the 
genetic potential of tine animals being evaluated. 
The first objective of tiiis study was to compare litter, growth, carcass, and meat 
quality traits among the three sti^ess genotypes, nomrial, earner, and sti^ess positive. The 
animals were produced from the selected stress earner Duroc males and stress negative 
Minzhu females. Comparisons among purebred Duroc, purebred Minzhu, and crossbreds 
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of the two breeds for those traits were also made. 
The second objective of this study was to compare litter, growth, carcass, and meat 
quality traits of three synthetic lines, a high lean gain selected line, a low lean gain selected 
line, and randomly selected control line. Stress negative Yorkshire boars and Metshan 
sows were selected to produce the base generation animals. The study was also extended 
to compare purebred Yorkshire, Fi crosses of Yorkshire and Meishan, and the inter se 
crosses of the Yorkshire-Meishan combination for these performance and carcass traits. 
The last objective of these studies was to obtain variance components for the 
estimation of h^ and Tg of litter traits of purebred Landrace, Yorkshire, and Duroc 
populations originating from the northem European countries and raised under the tropical 
environments of Thailand. The h^ and rg of growth traits were also estimated from the 
same population. 
Dissertation Organization 
This dissertation presents a general inti-oduction, a general review of literature, 
three individual papers, and a concluding general summary. References ated in the 
general inti'oducti'on and literature review follow the general summary section. All citations 
of references are in accordance witii the CBE Style Manual used by tiie Joumal of Animal 
Science to which a portion of tiiese papers will be submitted. Each paper consists of an 
absti^ct, introduction, materials and metinods, results and discussion, and an implication 
section. References cited within each individual paper follows the implications section. 
Any additional explanations of materials and methods follow the reference section of each 
paper in the appendix. 
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LITERATURE REVIEW 
The literature review of this dissertation is divided into four different sections. The 
first section covers characteristics of Chinese pigs and the second reviews the stress 
susceptibility of swine. The third section is a sunfimary of genetic parameters of selected 
economic ti'aits in swine and the last a brief review of mixed model metiiodology. 
Characteristics of Chinese Pigs 
There are around 48 indigenous pig breeds in the Peoples' Republic of China. 
Prolificness and hardiness are tiie special characteristics of these Chinese breeds and 
hence these genetic resources have been very important to global pig genetic diversity 
(Pan, 1994). Domestic Chinese swine have had a long history of contiibution to tiie 
development of worid swine breeds. This influence dates back to at least 3,000 B.C. and 
has continued overtime (McLaren, 1989). Yu (1987) indicated tiiat tiie Roman Empire 
imported a large number of Southern Chinese pigs in tiie 3"' century B.C. and used them to 
improve the European breeds. Modem breeds, espedally the Berkshire and Yori(Shire, are 
developed from the pigs imported from South China to England during the 16"* through tiie 
18'" century A.D. (Phillips and Hsu, 1944; Epstein and Bichard, 1984; Yu, 1987; Wang, 
1988). The origin of Beri<shire and Yori^shire breeds in tiie United States was animals 
imported from England in 1823 and 1893, respectively (McLaren, 1989). Moreover, ttie 
Poland China and Chester White breeds of the United States were formed from Chinese 
pigs imported in the 19'" century (Briggs and Briggs, 1980). McLaren (1989) stated that the 
prolific Chinese pigs were developed over tiiousands of years of isolated evolution. The 
same author also suggested that their extreme prolificacy was likely to have resulted from 
founder effects, favorable mutation(s) and/or selection. Some gene(s) with large favorable 
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effects on litter size must be earned by the Chinese pigs that are not present, or present at 
much lower frequendes in the other swine breeds (McLaren, 1989). It is now clear that total 
number bom and number bom alive per litter in the pigs, espedally the Chinese pigs, are 
affected significantly by a major gene for litter size assodated with polymorphism of the 
estrogen receptor (ESR) gene (Rothschild et al., 1994). 
McLaren (1989) utilizing of reports from Gianola et al. (1982) and Legault (1983) 
concluded the characteristics Chinese swine to be as follows: 
1. Superior prolificacy averaging between 9 to 17 pigs bom alive per litter 
2. Eariy sexual maturity reaching puberty between 2 and 4 months of age 
3. Long-lived, hardy and docile 
4. Adapt well to forage feeding systems 
5. Slow growth rate of from 0.25 to 0.80 kg per day 
6. Small mature size and poor feed conversion 
7. Carcasses that are undesirably fat with backfat thickness between 20 to 50 mm 
but that possess excellent muscle quality 
8. Poor conformation 
Reproductive traits 
The North and Central Chinese pigs are considered fairiy prolific with litter sizes of 
12 to 13 pigs and 14 to 16 teats (McLaren, 1989). A number of researchers have reported 
the high prolific Chinese pigs to be from the Lower Changjiang (Yangtze) River Basin Type 
and are called the Taihu group (Zhang et al., 1983; Cheng, 1983a, b, 1984a, b; Wang, 
1988). This Taihu group and the other two North China groups, the Min and the Bamei, 
are classified as the prolific type (Zhang et al., 1986). Wang (1988) reported the best 
known four of the seven types of the Taihu group to be the Meishan, Fengjing, Jiaxing-
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Black, and Erhualian. These breeds have large heads and large, lop ears, black or black-
gray hair and deep, fleshy wrinkled skin and wrinkled face, and a pot bellied appearance. 
Only the Meishan has white feet which distinguished this breed from the others (McLaren, 
1989). 
The Taihu boars can start to mate females at the age of around 3 months old with a 
fertility rate of 40% and rising up to 100% when they are around 4 months old (Cheng, 
1983b). However, they should not be used for mating until they are 6 to 8 months of age 
and 80 to 90 kg live weight (McLaren, 1989). Taihu gilts reach their first estms as eariy as 
3 months of age at body weights of 15 to 25 kg (Cheng, 1983b). Mature Taihu sows weigh 
between 120 to 175 kg and have 16 to 18 teats. They wean an average of 11.5 piglets 
from litters of 13 live pigs in their first and second litters and wean an average of 12.5 
piglets from 15 live pigs in their third and greater parities with an average piglet birth weight 
of 0.9 kg (Wu and Zhang, 1982; Zhang et al., 1983; Cheng, 1983a, b, 1984a, b; Wang, 
1988; McLaren, 1989). 
Chinese pigs were imported by countries throughout the worid for the purpose of 
genetic improvement. One boar and two sows of each of the three breeds, Meishan, 
Jiaxing-Black, and Jinhua, were first imported to France in 1979 (McLaren, 1989). The 
former two breeds are known for their prolificacy while the latter is noted for the quality of 
its ham. Since then, the French have provided reports concerning physiological 
mechanisms underiying the prolificacy of the Taihu pigs when managed under modem 
husbandry conditions (McLaren, 1989). Ten years later, in 1989 the United States 
imported 66 Meishan gilts and 33 Meishan, 24 Fengjing, and 21 Minzhu boars. (McLaren, 
1989). Many reports of the utilization these highly prolific Chinese breeds in combination 
with the modem ones have been published by researches from these two countries. 
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An experiment in France indicated that Meishan sows farrowed about four more 
piglets per litter than Large Whites or Landrace, and Jiaxing sows were similar to those 
breeds (Rothschild, 1986). The same author also reported one-half Chinese sows to be as 
prolific as Meishan purebred sows and produced an average of 14.6 pigs bom alive per 
litter. He also mentioned that one-half Meishan sows have an average of about 14.7 teats 
and half Jiaxing sows 16.7 teats. Moreover, it was found that both the Large White and 
the Meishan sows ovulated about the same number of embryos, but the embryonic 
mortality rate was higher in the Large White sows than the Chinese Meishan (Rothschild, 
1986). Anderson et al. (1993), however, reported a different result. They found Meishan 
females to have ovulation rates higher than that of domestic white line crossbred sows. 
Perry and Rowlands (1962) reported that 25-50% of embryos die during the first three 
weeks of gestation, with most of this loss occumng between days 8 and 12 of gestation. 
Christenson (1993) indicated Meishan and crossbred gilts (one-quarter each of Chester 
White, Landrace, Large White, and Yorkshire) to have the same ovulation rate (12.5 
corpora lutea). The number of corpora lutea in the Meishan gilts, however, increased 
markedly from puberty to the sixth estrus period but increased only slightly from puberty to 
the fourth estrus period in the crossbred gilts. Ovulation rate was greater (P<.01) in 
Meishan than in the crossbred sows examined at 417, 608 and 735 day of age 
(Christenson, 1993). Ashworth et al. (1992) also reported Meishan gilts to have higher 
ovulation rates than Landrace x Large White gilts (20.16 ± 0.91 vs.15.43 ± 0.55, 
respectively). There was no difference in eariy embryonic survival between Meishan and 
crossbred gilts. But embryo weight and length, placental weight, and allantoic fluid volume 
were greater in crossbred than the Meishan gilts at 30 days of gestation (Christenson, 
1993). The same researcher suggested that an enhancement to the prolificacy of Meishan 
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pigs may be the effect of their smaller embryo size and reduced placenta weights and 
allantoic fluid volumes at day 30 of gestation on subsequent fetal survival and uterine 
capacity. 
Meishan females produce more 6 to 7 ova than Large Whites and also have 6 more 
viable embryos at 30 days of gestation according to Lee et al. (1994). However, 
crossbreds of these two breeds were intermediate for ovulation rate and similar to the 
Meishans in terms of number of embryos (Lee et al., 1994). Jiang et al. (1994) reported 
results from a study of another breed of thelaihu group, the Erhualian, they found that this 
speculated breed has genes to make more mature follicles but fewer follicles are produced, 
and hence ovulation rate is increased, while the Large White pigs have genes for a lesser 
number of embryos and increased ovarian volume. Rothschild et al. (1994,1996) reported 
the discovery of a major gene, estrogen receptor (ESR), which accounts for a significant 
increase in litter size of approximately 1.5 pigs bom per litter and 1.5 pigs bom alive from 
different genotypes. Young (1992a) studied a population of four-way crossbred gilts 
derived from Chester White, Landrace, Large White, and Yori<shire and bred to Meishan, 
Fengjing, Minzhu, or Duroc boars. He reported that litters sired by Meishan boars weaned 
an average of 1.69 and 1.32 more pigs than those sired by Duroc and Minzhu boars, 
respectively. Meishan, Fengjing, and Duroc-sired pigs had higher survival rates to 14 and 
28 day of age than did those sired by Minzhu. In terms of pig weight, Fengjing-sired pigs 
were heavier than Minzhu-sired pigs at birth and heavier than Minzhu and Duroc-sired pigs 
at 14, 28, and 56 days of age (Young, 1992a). 
Growth and carcass traits 
A number of reports substantiate the superior reproductive characteristics of these 
Chinese breeds of swine, but unfortunately, these breeds have major disadvantages in 
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growth rate, lean tissue and carcass composition (McLaren, 1989). Taihu pigs grow slowly 
with the average dally gain of 0.439 kg day"^ and FCR of or above 4.00, carcasses at 75 kg 
dress out at 65 to 67% (Porter, 1993) and yield a small amount of lean meat (40 to 45%), 
have carcasses averaging 32 mm of backfat thickness, and have longissimus muscle 
areas ranging from 15 to 19 cm^ (Wu and Zhang, 1982; Zhang et al., 1983; Cheng, 1983a, 
b, 1984a, b; Wang, 1988; McLaren, 1989). Legault et al. (1985) indicated that under 
French marketing conditions the use of one-half or one-quarter Chinese sows did not result 
in an economic benefit to producers. Rothschild (1986) also mentioned that one-quarter 
Chinese pigs produced from one-half Chinese sows and Large White boars grew slower, 
were less feed efficient, were fatter, and produced about 4% less lean in the carcass than 
pure Large White. White et al. (1993) studied growth rate of Meishan pigs treated with 
porcine somatotropin (pST) hormone. The researchers reported the average daily gain of 
the untreated hormone Meishan group (450.5 g day'^) to be significantly less than that of 
treated group (600 g day'^). But, both groups grew much slower than the Yorkshire 
animals which produced gains averaging 741.5 and 839.1 g day'\ respectively, for the 
untreated hormone and treated group (White et al., 1993). 
Some significant differences in carcass merit were exhibit in a comparison of 
Chinese crossbred and Large White x French Landrace control sows (Gueblez et al., 
1987). These researchers reported the differences of 4.2% less lean tissue for one-
quarter Meishan pigs and 2.5% less for one-eighth Meishan pigs. Results from French 
studies showed that one-quarter Chinese market pigs produced from one-half Chinese 
sows had 1.08 inches average backfat thickness, 49.4% of muscle, and 29.8% of fat while 
the French market pigs produced from either Large White x Landrace crossbred sows or 
pure Large White sows had 0.97 inches average backfat thickness, 53.6% of muscle, and 
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25.2% of fat (Rothschild, 1986). All sows in this study were bred to typical French terminal 
sires from either the Pietrain or Belgium Landrace breeds. Meishan pigs had much smaller 
longissimus muscle areas (15.7 cm^) than did Yorkshire pigs (35.1 cm^), and with the 
administrating of pST, the longissimus muscle area of the Meishan group rose to19.4 cm^ 
compared to 40.2 cm^ for the Yorkshire group, the significant difference still existed (White 
et al., 1993). The same researchers reported the Yorkshire pigs to have 21.1 mm less 
backfat thickness than the Meishan. The percentage of carcass fat was 31.7% for the 
Yorkshire and 42.8% for the Meishan. Similar results were reported by Lan et al. (1993). 
They reported the average longissimus muscle area of Meishan pigs to be 16.90 cm^ while 
that of the Yorkshire was 28.84 cm^ and that of aossbred Meishan x Yorkshire to be 
intermediate at 23.68 cm^. The tenth rib backfat thickness was 3.99 cm for the Meishan 
purebreds and 3.43 cm for the Yorkshires and an intennediate value of 3.84 cm was held 
by the Meishan x Yorkshire crossbred pigs (Lan et al., 1993). Young (1992b) reported the 
results of 4 different groups of pigs produced by mating crossbred gilts composed of equal 
proportions of Chester White, Landrace, Large White, and Yorkshire with either Duroc, 
Meishan, Fengjing, or MInzhu boars. The tenth rib backfat thickness of the Duroc pigs, the 
Meishan pigs, the Fengjing pigs, and the Minzhu-sired pigs were averaged 36.8, 42.5, 
41.2, and 43.9 mm, respectively, while the longissimus muscle areas were 34.3, 24.5, 22.5, 
and 21.9 cm^, respectively, and differences were significant (P<.01) between the Duroc-
slred group and each of three Chinese-sired groups (Young, 1992b). 
Meat qualltv traits 
Though the Chinese pigs have poor carcasses they show excellent meat quality. A 
number of publications from different groups of workers support the result. Color, finmness, 
and marbling scores of the Meishan carcasses were significantly different from those of 
Yorkshire carcasses (3.2 vs.2.1,4.3 vs.2.8, and 3.6 vs.2.0. respectively) in a study by 
White et al. (1993). Lan et al. (1993), however, reported color scores of Meishan and 
Yorkshire carcasses to be 2.10 and 2.00, respectively, firmness scores to be 2.10 and 
1.80, respectively, and marbling scores to be 2.00 and 1.90, respectively. The same 
researchers reported tiie Yorkshire group to have higher values of juiciness (more moist) 
and tendemess (more tender) than the Meishan group. Young (1992b) reported the color, 
firmness, and marbling scores of the Duroc-sired pigs to be 2.67,1.99, and 3.28, 
respectively, compared to the Meishan-sired pigs (2.90, 2.00, and 2.44, respectively), the 
Fengjing-sired pigs (2.81,1.99, and 2.52, respectively), and the Minzhu-sired pigs (2.77, 
2.00, and 2.40, respectively) but only the marbling score of Duroc-sired carcasses showed 
significant differences (P<.05) from each of the Chinese-sired carcasses. Juidness and 
tendemess scores were reported by Wheeler and Young (1992) from the same breed 
combinations as those of the previous report. The juiciness scores ranged from 4.7 to 4.9 
and the tendemess scores from 5.2 to 5.4. The scores were on a 1 to 8 scale basis and 
with a score of 1 representing an exti-emely dry, abundant, bland and tough sample while a 
score of 8 represented exti^emely juicy, none, intense and tender sample. No significant 
difference existed among those comparisons (Wheeler and Young, 1992). 
Even though Chinese pigs have some undesirable characteristics, their high 
prolificacy is second to none. Because the improvement of these reproductive traits can 
yield a "big jump" in economic retum, several researchers are tiying to syntiiesize these 
Chinese pigs in combinations with other more nomnal breeds witii the plan of developing 
animals desirable in all ti^its. 
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Stress Susceptibility in Swine 
The porcine stress syndrome (PSS) was first reported by Topel et al. (1968). Some 
pigs would show this inherited neuromuscular disorder when they were exposed to extreme 
physical stress such as fighting. This syndrome was marked by dyspnea, Increase rate of 
respiration, blanching and reddening of the skin, cyanosis and addosis. The pigs would 
then collapse in a shock-like state and die (Christian and Mabry, 1990; Stalder, 1995). A 
similar condition in humans was called malignant hyperthermia syndrome (MHS). Hall et 
al. (1966) reported that three pigs of the same litter suddenly died when exposed to 
halothane and suxamethonium anesthesia. He indicated that this abnormal reaction was 
probably genetically controlled. Allen et al. (1970) agreed with the previous report after 
they found seven of ten Pietrain pigs treated on this manner to die. It was thought that this 
syndrome was controlled by autosomal dominant, with variable penetrance and 
expressivity, based on the study of MHS (Denborough et al., 1962; Britt et al., 1973; 
Hamman et al., 1973). MHS in humans is a condition occumng in surgical patients 
undergoing anesthesia. The condition often occurs if the patient is anesthetized by using 
the anesthetic, halothane, and/or the muscle relaxant succinylcholine (MacLennan and 
Phillips, 1992; Stalder, 1995). MacLennan and Phillips (1992) suggested the use of 
altemative anesthetics and muscle relaxants in humans to avoid this malady. PSS pigs 
show symptoms similar to those seen in MHS in humans (Stalder, 1995), however, the 
differences between the two symptoms are mode of inheritance and the triggering 
mechanism (Hefferon and Mitchell, 1985). Williams (1974) studied a strain of stress 
susceptible Poland China swine by halothane response and temperature changes, he 
concluded rigidity response to halothane assessing to be only a secondary development, 
and that two separate genes accounted for stress susceptibility. Christian (1972) provided 
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evidence in support of a theory of autosomal recessive inheritance with variation in 
penetrance and suggested that PSS in swine and MHS in humans were synonymous. 
Similar physiological tests have been used in the detection of PSS and MHS because of 
the similarities between the two syndromes (Hefferon and Mitchell, 1985). Christian (1974) 
determined stress susceptible pigs by reaction to halothane anesthesia and provided 
results which supported a single recessive inheritance model, and not the dominance 
theory. Since these eariy reports, a number of publications related to PSS and its effects 
on various production and carcass traits have been reported (Cassens et al., 1975; 
Hamson, 1979; Mitchell and Heffron, 1982; Webb etal., 1985; Christian and Mabry, 1990; 
Christian and Lundstrom, 1992; Stalder, 1995; Leach etal., 1996; De Smetetal., 1996). 
Methods of detection 
Christian and Mabry (1990) described the methods of detecting the PSS pigs as 
follows: 
Phenotypic screening 
The subjective individual's visual appearance is one of the least expensive and 
easiest methods of detecting PSS susceptible animals. A number of reports in the 
literature indicate that stress susceptible animals are very heavily muscled with litUe backfat 
(Forrest et al., 1968; Topel et a!.. 1968; Judge, 1969). Christian (1974) suggested that all 
stress susceptible pigs were heavy muscled but not all heavy muscled pigs were stress 
susceptible. He further suggested that a possible means of reducing animals carrying the 
genetic factors contributing to PSS was to avoid the pigs with tight jowls and middles, small 
stature, extreme muscularity and large round hams with well defined muscle separation. 
This method is easy to employ and inexpensive, however, its accuracy is below an 
acceptable level (Christian and Mabry, 1990). 
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Halothane screening 
Prior to 1991, this is the most popular research method to use in determining 
PSSsusceptible animals (Christian and Mabry, 1990). The test was developed by Christian 
(1974) and Eikelenboom and Minkema (1974). Briefly, pigs at a young age (7 to 12 weeks 
old) are exposed to a 3 to 10% halothane-oxygen mixture for a short period of time (around 
3 to 10 minutes). The pig is observed for the progressive development of muscle rigidity 
with extreme extension part'culariy of the rear legs, increase of respiration rate, and 
blotching of the skin. The time lapse between the start of the treatment and first signs of 
PSS susceptibility can be from less than 30 seconds and up to a few minutes. The 
ti'eatment should be stopped immediately as soon as the first symptoms of muscle rigidity 
are shown or tiie pig is likely to die. On the otiner hand, if relaxation and unconsciousness 
is observed, usually within 90 seconds after the start of ti'eatinent, the pig is considered 
PSS resistant (Christian and Mabry, 1990; Stalder, 1995). Webb and Jordan (1978) 
suggested that repeated tests in 20 days after the first ti'eatment increased the accuracy of 
classification up to approximately 95%. Alva-Valdes (1979) also reported that tests taken 
at one week intervals would be in excess of 95% repeatable. To eliminate false negative 
responses and reduce reaction time, concentration of 3% or more of halothane was 
necessary (McGrath et al., 1984). Screening sick and/or unthrifty pigs may lead to 
misclassifications (Stalder, 1995). Eikelenboom (1979) reported of halothane screening of 
Dutch Landrace pigs that were sent to the testing station at Lochem, The Netheriands in 
1975 to be successful. Similar results were reported by Webb and Jordan (1979) from a 
study of divergent selection for PSS susceptibility in a Pieti"ain-Hampshire crossbred 
population. 
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Blood levels of Creatine Phosphokinase (CPK) 
Measurement of the blood enzyme CPK is a method that has had widespread use 
for detection of stress susceptibility (Christian and Mabry, 1990). A number of researchers 
reported susceptible animals to possess higher levels of serum CPK than stress resistant 
pigs (Schmidt et al.. 1970; Allen and Patterson, 1971; Bickhardt, 1971; Reddy et al., 1971; 
Eikelenboom et al., 1976; Bulla et al., 1979). Christian (1974) collected blood samples 
from the ear vein and found that stress susceptible pigs had a significantly greater CPK 
after stress. He then concluded that if the blood sample was carefully obtained, CPK was 
a good predictor of stress susceptibility. Watson (1976) found that CPK levels of the stress 
susceptible animals to be higher than those of control animals 4 hours after the halothane 
administration. He also found transport and handling could cause a significant increase in 
total CPK levels 16 to 18 hours after transport Christian and Mabry (1990) suggested 
stress susceptibility pigs were unable to adapt to the stress caused by ti^nsport and 
handling. Mabry et al., (1983) found this method to be 87 to 91% in agreement with 
halothane screening. The method is safe, objective and inexpensive to detect the PSS 
susceptibility (Mitchell and Heffron, 1976; Allen et al., 1980), however, blood samples need 
to be properly taken, follow standardized exertion 10 to 24 hours prior to sampling, be 
processed by a precise analytical method, and values calculated on a log scale basis 
(Bickhardt, 1981). Christian and Mabry (1990) concluded that this method may be not the 
best single method of testing the PSS susceptibility because interpretation of middle range 
CPK values is not clear. 
Blood antigen typing 
Jensen et al. (1968) found animals carrying the H° allele were found to be superior 
in weight gain, while the animals possessing H® or H'were intermediate. Andresen (1971) 
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described the linkage between the H blood group locus/lod for the variants of 
phosphohexose isomerase (PHI) and 6-phosphogluconate dehydrogenase (PGD). This H 
locus was discovered to be closely associated with that for halothane sensitivity (HAL) 
(Rasmusen and Christian, 1976) and two years later, Jorgensen (1978) reported that this 
HAL locus was strongly associated with the PHI. Other lod were added to the group and 
further linkage relationships clarified. Subsequentiy, a method for detecting genotype at 
the HAL locus by blood typing was developed based on these relationships (Christian and 
Mabry, 1990). Christian and Mabry (1990) summarized this linkage as follows: 
PHI locus. The enzymes phosphohexose isomerase is encoded by two possible 
codominant alleles PHl'^ and PHI® locus. The halothane sensitivity is located near this 
locus (Christian and Mabry, 1990). In Swedish, Danish and Swiss Landrace the halothane 
positive gene is most commonly linked to the B allele (Gahne and Juneja, 1985). Several 
reports also confirmed the PHI® allele is most often assodated with PSS susceptible pigs 
(Jorgensen, 1981; Imlah, 1984; Grashom and Muller, 1985). 
PGD locus. The enzyme 6-phosphogluconate dehydrogenase, in white and red 
blood cells was found to be associated with halothane sensitivity (Rasmusen et al., 1980). 
Two codominant alleles, A and B, were discovered by eledrophoretically seperating 
plasma proteins (Saison, 1970). The B allele is most often assodated with PSS 
susceptibility (Vogeli et al., 1985). A third allele, C, was found in wild pig population of East 
Asia (Kurosawa and Tanka, 1991). 
H locus. Blood group antigens on erythrocytes are encoded by this locus (Christian 
and Mabry, 1990). Hojny (1973) reported that seven different alleles are known with H°, 
H®, and H" being the most frequent and that tine stress gene is commonly linked to the H° 
allele (Archibald and Imlah, 1985). 
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S(A-0) locus. The homozygous recessive genotype (ss) at the S locus seems to 
prevent expression of A-0 erythrocyte antigens by epistatic reaction (Rasmusen, 1972; 
Hojny, 1974). Hojny et al. (1984) provided further support of the assodation between the S 
and H lod. Hojny et al. (1985) proposed the assodation of these A-0 erythrocyte antigens 
and Uie HAL The S locus was determined to be located in tiie HAL linkage group to which 
the H locus had already been assigned (Van Zeveren et al., 1985). 
P02 locus. Two genetic covariants, F and S, of the plasma protein postalbumin-2 
(P02) were discovered by Juneja et al. (1983). Christian and Mabry (1990) reported that 
the P02' allele has been found associated with the HAL" genotype in 74% of Danish 
Yorkshire animals and 87% of Swedish Yorkshires. 
Christian and Mabry (1990) stated tiiat the best estimate of the gene order from tiie 
available information is S-(PHI-HAL)-H-P02-PGD while the order of the PHI-HAL lod noted 
by the parenthesis is unclear. 
The latest method to determine PSS status, the DNA molecular test, was 
summarized by Stalder (1995). All three stress genotypes (NN, Nn, and nn) can be 
identified by a quick, simple, and accurate molecular test developed by Fujii et al. (1991). 
A general outiine for determining PSS genotype by this molecular method is provided by 
Louis et al. (1992) and O'Brien and MacLennan (1992). The procedure can approach 
100% accuracy if the procedure is followed property and no contamination occurs at any 
step of the process. Moreover, samples used for DNA isolation can obtained from musde, 
hair, or adipose tissue (Stalder, 1995). 
Effect of PSS on reproductive traits 
Litters produced from halothane positive dams had 0.3 fewer pigs farrowed, 0.5 
fewer pigs at 21 days and 0.6 fewer pigs at 56 days tiian did halothane negative dams 
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(Mabry, 1976). The same researcher also reported individual weights of piglets from 
negative dams to be significantly heavier at birth, 21 days, and 56 days (3.03 vs.2.89,12.8 
vs.11.3, and 38.2 vs.33.9 kg, respectively) and, additionally, litter weights of negative dams 
at 21 days to be 4 kg heavier. Webb and Jordan (1978) studied a Pietraln-Hampshire 
synthetic line and found that halothane positive females produced 0.4 fewer pigs at birth 
and nursed 0.6 fewer pigs to 56 days than negatives but litter birth weight was 0.89 kg less 
at birth and 12.6 kg less at 56 days for the halothane positive females compared to 
halothane negative females. Results of Schneider et al. (1980) supported these results. 
They found that NN females produced heavier litters at weaning than Nn or nn females, 
however, NN and nn females were inferior to Nn females in terms of number of pigs raised 
to weaning. Willeke et al. (1984) showed that NN females had a tendency to be superior 
to Nn and nn females for litter size at birth and weaning (28 days), and for mortality from 
birth to weaning in their study of German Landrace females. Additionally, Nn females 
showed intermediate characteristics to NN and nn females for all other ti^its studied. 
Similar results were reported by Lampo et al. (1985) for matemal performance of the 
Belgian Landrace. They reported that halothane positive sows had a tendency to have 
fewer pigs bom alive and to raise fewer to 28 and 42 days, parti'culariy in second parity and 
greater. Garden et al. (1985) evaluated two Hampshire-Pietrain synthetic lines, stress 
resistant (SR) and sti-ess susceptibility (SS). Both lines were mated to SR males and the 
results showed that the litter size of SR line was 1.16 pigs larger at birth and 1.76 pigs 
larger at 50 day weaning compared to those of SS line. In addition, litter reared by SS 
females had 18% more piglet mortality from birth to weaning than tiie SR females. A study 
of British Landrace females by Simpson et al. (1986) indicated tiiat halothane positive 
females had 0.10 fewer pigs at birth, 0.23 fewer pigs at 21 days, 0.28 fewer pigs at 42 
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days than halothane negative females, while the latter had heavier litter birth weight, 21 
day litter weight, and 42 day litter weight than the former. There were no differences in 
number bom or number bom alive between NN and Nn Swedish Yorkshire females, 
however, the results tended to favor the earner females (Nystrom and Anderson, 1993). 
Comparison between those two genotypes in terms of number of live pigs showed that NN 
females had 0.85, 0.89, and 0.99 more pigs per litter at 21, 42, and 63 days, respectively. 
Average litter weights at 21 and 63 days of the NN group were 0.26 and 0.64 kg heavier 
than those of the Nn group (Nystrom and Anderson, 1993). Stalder (1995) reported the 
latest results from studies conducted at the Iowa State University research farm where Nn 
females faaowed 0.61 and 0.94 pigs more than did NN and nn females. The Nn females 
had intermediate litter weights at 21 days while the NN females showed the heaviest ones. 
Similar results were also observed in litter weight at 42 days. 
Effect of PSS on quantitative perfonnance and carcass traits 
Christian (1974) reported that halothane negative pigs had similar feed/gain rations 
and grew slower than halothane positive pigs. He further reported that positive animals 
had average 0.29 cm^ larger longissimus muscle areas, tended to have shorter carcasses 
and less backfat than negative animals. Christian and Rothschild (1981) found no 
differences among pigs of all three genotypes for average daily gain, feed/gain ratios and 
feed consumption. Nn and nn carcasses had less tenth rib backfat thickness, larger 
longissimus muscle areas, and higher lean percentages. Several studies of comparison 
between halothane positive and negative pigs were summarized by Webb et al. (1982). 
The summary showed that positive animals had lower average daily gain, shorter carcass 
length, but larger longissimus muscle area, had higher lean proportion, PSE incidence, and 
mortality compared to negative animals. All traits but the feed consumption and carcass 
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length were in agreement with those of the previous summary (Webb and Simpson, 1986). 
Jensen and Barton-Gade (1985) also reported nn pigs to have shorter carcass lengths 
compared to NN and Nn pigs. Goodwin (1994) reported that Nn animals grow slower than 
the NN, but that carrier animals have leaner the tenth rib backfat thickness, larger 
longissimus muscle areas, and higher dressing percentages than nomnal animals, 
however, the two genotypes did not differ significantly for carcass length. Leach et al. 
(1996) compared the two NN and Nn genotype and found the Nn had higher daily gain, 
gain:feed ratio and dressing percentage than did the NN, but there were no genotype 
differences for carcass length, backfat thickness or longissimus muscle area. 
Effect of PSS on Qualitative carcass traits 
Christian and Mabry (1990) stated that low muscle pH values in PSS pigs result 
from fast glycolysis during and after slaughter and result in values under 5.8 within 1 hour 
after slaughter at a time when muscle temperature is still high. This incidence is related to 
muscle protein denaturation and results In pale musculature and high drip losses 
(Eikelenboom, 1985). Christian and Rothschild (1981) reported that the NN pigs had 
higher pH at 45 minutes postmortem (6.42 vs 5.73), lower color reflectance (22.5 vs 29.0), 
and lower light transmission (24.3 vs 73.0) than the nn pigs while the Nn pigs showed 
intermediate values (6.15, 24.6, and 33.5, respectively). Webb etal. (1982) concluded 
from several studies that halothane positive pigs produce 15% poorer color and 45% more 
PSE carcasses than halothane negative pigs. Moreover, the former group showed lower 
45 minute muscle pH and higher muscle temperature than the latter. Poorer subjective 
color scores, higher reflectance values and similar fat percentage within the longissimus 
muscle area were found in the positive carcasses when compared to those from the 
negative pigs (Eikelenboom and Costa, 1988). Murray et al. (1989) compared the 45 
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minute pH, percent drip loss, and intramuscular fat content among the three genotypes, 
NN, Nn, and nn, and reported that the carcasses produced by nn were inferior, those 
produced by Nn were intermediate, and those produced from NN were superior. 
Lundstrom et al. (1989) found similar results in a comparison among the three genotypes 
for percent drip loss. Zhang et al. (1991) reported that nn pigs produced carcasses with 
subjective color, firmness, and marbling scores inferior to those of carrier pigs. Christian et 
al. (1993) observed visual color, marbling and firmness, Minolta reflectance. Hunter color, 
24 hour drip loss, and pH values and concluded that significant linear effects evident for all 
traits and favored NN animals with Nn animals being intermediate. Piedrafita et al. (1994) 
reported that the pH 45 minutes postmortem of the NN, Nn, and nn were 6.55,6.28, and 
5.75, respectively, and the pH 24 hours postmortem of these three genotypes were 5.67, 
5.71, and 5.57, respectively. Subjective color, marbling, and firmness scores of the NN 
were the highest values (3.28, 3.01, and 3.59, respectively), those of the nn were the 
lowest values (1.69,1.82, and 3.17, respectively), and those of the camer pigs were 
intermediate values (3.04, 2.81, and 3.54, respectively). These results are consistent with 
those for reflectance (lower values darker), 19.7, 21.1, and 31.8 from the NN, Nn, and nn 
pigs, respectively. The comprehensive evaluations of pork quality conducted by National 
Pork Producers Council indicated that normal animals had superior subjective color, 
marbling, and firmness scores compared to Nn animals. No differences were found 
between the two genotypes for average daily gain, days to 250 lbs, soundness, and 
adjusted tenth rib backfat thickness, however, daily lean gain on test and longissimus 
muscle area were observed to favor Nn animals compared to NN animals (Stalder, 1995). 
Leach et al. (1996) reported results of a comparison between Nn carcasses and NN for 45 
minute pH (6.4 vs.6.6), 24 hour pH (5.6 ^5,5.7), subjective color score (2.2 vs.2.7). 
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subjective firmness score (2.2 vs.2.9), subjective marbling score (1.2 vs.1.7), Minolta L 
reflectance (45.7 vs.42.0), and percent drip loss (5.2 vs.3.4). Significant differences were 
found between the two genotypes for all of these traits. De Smet et al. (1996) determined 
meat quality traits from the carcasses of three genotypes, NN, Nn, and nn, in the Belgian 
Landrace or Pietrain x Belgian Landrace animals. The researchers concluded that nn pigs 
were always significantly different from Nn and NN pigs for pH 40 minutes postmortem, 
intemal reflectance, color L value, and drip losses. Nn pigs were intermediate between the 
other two genotypes or close to NN pigs. Significant differences were found between Nn 
and NN pigs for pH 40 minute postmortem and drip losses. 
The Hal gene is found to influence the performance of affected animals from birth 
to slaughter. Both inferior and superior effects can be attributed to this gene that 
influences characters of interest at different stages of development. Though negative 
effects have been confirmed by most studies, the development of procedures to take 
advantage of the benefit of this gene and minimize its undesirable effects could still be an 
achievable goal. 
Genetic Parameters of Selected Economic Traits in Swine 
Heritability (h^) and genetic correlations (rg) are the most common genetic 
parameters estimated and reported from genetic studies. These parameters are essential 
to obtaining the best estimators/predictors of the genetic potential of individual animals. 
There has been a long history of estimation of these genetic parameters for traits of 
economic importance. A brief summary of reported estimates for these parameter is as 
follows: 
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Reproductive traits 
Genetic parameters of reproduction traits have been estimated by a number of 
researchers. Reutzei and Sumption (1968) estimated h^ for age at puberty (AP) from 
1,192 animals and reported values were -0.20 and 0.49 by using paternal half-sib 
relationships (PHS) and regression of offspring on dam (ROD), respectively. Cunningham 
et al. (1974) reported a value of 0.64 estimated from 60 pigs by the ROD method. The h^ 
for this trait estimated by PHS from 2,095 animals was 0.53 in the study by Young et al. 
(1978). Hutchens et al. (1981) indicated that common environmental effects or maternal 
effects were important sources of variation because the results of their study of 737 pigs 
showed the h^ estimated from maternal half-sib relationships (MHS) had a greater value 
tiian that from PHS (0.40 vs 0.19). A study of 1,895 animals by Legault and Gmand 
(1981) revealed a h^ estimate for age of puberty of 0.30 by tine PHS method. Lamberson 
et al. (1985) reported a realized h^ estimate of 0.39 from a study of four generations of 
selection. Additionally, they concluded that age at puberty declined at tine rate of -2.88 
days year'V Lamberson (1990) summarized the h^ for tills ti-ait from several studies that 
involved a total of 8,119 pigs to average 0.32 with estimates ranged from -0.20 to 0.64. 
Similar results were also reported in the summary of Rothschild (1996). He reported tiie 
same average value of h^ and found estimates ranging from 0 to 0.64. 
Lasley (1957), Young et al. (1977), Young et al. (1978), Legault and Gmand (1981) 
estimated tiie h^ for ovulation rate (OR) by Uie PHS procedure and reported values of 0.10, 
0.21, 0.59, and 0.28, respectively. Cunningham etal. (1979) indicated realized h^ 
estimated from 781 animals was 0.42. Pumfrey et al. (1980) estimated h^ for OR from the 
Nebraska Gene Pool population by 2 methods, PHS and Full-sib relationships (FS). The 
estimates were 0.51 from the FS and 0.49 from tiie PHS, and hence they concluded that 
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maternal effects were not important for this trait Lamberson (1990) summarized six 
studies involving 6,209 pigs and reported the h^ of OR to be 0.39 with estimates ranging 
from 0.10 to 0.49. Similar results were supported by the summary of Rothschild (1996) 
who reported literature estimate of the h^ this trait to be 0.39 with estimates ranging from 
0.10 to 0.59. 
Two of the traits most often used as indicators of female reproduction in swine are 
number of pig bom (NB) and number bom alive (NBA). A number of studies have 
estimated the h^ for NB by means of ROD. Values have ranged from 0.01 to 0.19 
(Stewart, 1945; Cunningham etal, 1947; Blunn and Baker, 1949; Bernard etal., 1954; 
Urban etal., 1966; Louca and Robison, 1967; Hetzerand Miller, 1970; Edwards and 
Omtvedt, 1971; Vangen, 1980; Ollivier and Bolet, 1981; Bereskin, 1984). When the h^was 
estimated by the PHS method, the values ranged from 0.06 to 0.72 (Stewart, 1945; Fahmy 
and Bemard, 1972; Bahrin and Beilharz, 1977; Young etal., 1978; Pumfrey etal., 1980; 
irvin and Swiger, 1984; Ferguson et al., 1985). The h^ ranged from 0.30 to 0.76 when 
estimation was by the MHS method (Irgang and Robison, 1984). Lamberson (1990) 
summarized these heritability estimates for these traits from 18 studies involving 24,137 
litters and reported values ranged from -0.06 to 0.47 with the mean estimates of 0.10. 
Roehe and Kennedy (1995) analyzed the data from 30,357 and 42,041 litters of Yori^shire 
and Landrace sows and estimated for NB by the Restricted Maximum Likelihood (REML) 
procedure. They reported values of of different parities ranged from 0.10 to 0.15. The 
results from several studies were summarized by Rothschild (1996). He reported the 
average h^ for NB to be 0.10 with values ranging from 0 to 0.76. 
Estimates of h^ for NBA by the PHS method ranged from -0.05 to 0.66 (Stewart, 
1945; Fahmy and Bemard, 1972; Young et al., 1977; Young et al., 1978; Strang and 
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Smith. 1979; Pumfrey et al.. 1980; irvin and Swiger, 1984; Ferguson et al., 1985; Vangen, 
1986), while the estimates by ROD ranged from -0.07 to 0.24 (Stewart, 1945; Blunn and 
Baker, 1949; Boylan et al., 1961; Fahmy and Bernard, 1972; Revelle and Robison, 1973; 
Strang and Smith, 1979; Bereskin, 1984). Lamberson (1990) reported in his summary 
based on 12 studies including 138,248 litters an average h^ of NBA 0.07 with values 
ranging from -0.07 to 0.66. Ferraz and Johnson (1993) estimated h^ for this trait by using a 
REML animal model based on 2,495 litters and 14,605 Landrace and Large White pigs and 
found values ranged from 0.01 to 0.14. Roehe and Kennedy (1995) using the same 
methodology produced h^ estimates ranging from 0.09 to 0.14 for NBA. RoUischild (1996) 
reviewed several studies and summarized the h^ for NBA ranged from 0 to 0.66 with tiie 
mean estimate 0.07. 
A number of analyses have considered piglet survival to weaning (S) to be a ti^it of 
the dam. Six reports based on 78,738 litters were summarized by Lamberson (1990). He 
reported the mean h^ estimate for this trait to be 0.05 and altiiough values varied widely 
Uiey tended to be low. Rothschild (1996) also summarized estimates for tiiis ti^it and 
concluded the h^ was 0.05 with values ranging from 0 to 0.97. 
Several studies have reported the h^ estimates by the ROD method for number 
weaned (NW). These values range from -0.01 to 0.27 (Cummings et al., 1947; Blunn and 
Baker. 1949; Louca and Robison. 1967; Hetzer and Miller, 1970; Edwards and Omtvedt, 
1971; Strang and Smitii, 1979; Bereskin, 1984). The h^ estimated by the PHS method 
ranging from -0.02 to 0.29 (Young et al., 1978; Strang and Smith, 1979; Pumfrey et al., 
1980; Irvin and Swiger, 1984; Ferguson etal., 1985; Vangen, 1986), while those estimated 
by the MHS method range from 0.58 to 1.02 (Irgang and Robison, 1984). All of tiie results 
from previous studies were summarized by Lamberson (1990) who reported the mean of h^ 
26 
estimate to be 0.06 with values ranging from -0.02 to 1.02. Roehe and Kennedy (1995) 
reported the h^ estimates computed by the REML procedure for NW ranging from 0.06 to 
0.08. Rothschild (1996) reviewed literature estimates for the h^ of NW and concluded the 
mean value to be 0.06 with a range from 0 to 1.00. 
Litter birth weight (LBW) is another trait whose h^ has been estimated in several 
studies. Literature values range from 0.05 to 0.54 when the PHS method was for analysis 
(Krider et al., 1946; Young et al., 1978; Pumfrey et al., 1980; Irvin and Swiger, 1984; 
Ferguson et al., 1985) and estimates ranged from 0.10 to 0.31 for the ROD method 
(Cummings eta!., 1947; Edwards and Omtvedt, 1971; Bereskin, 1984). Lamberson (1990) 
summarized h^ estimates by ail method and reported a mean of 0.29 and a range from 0 to 
0.42. 
Published h^ estimates for litter 21 day weight (L21W) by tiie PHS mettiod range 
from 0.07 to 0.38 (Krider et al., 1946; Young et al., 1978; Sti-ang and Smith, 1979; Pumfrey 
et al., 1980; Irvin and Swiger, 1984; Ferguson et al., 1985). When ROD was used for 
analysis, estimates ranged from 0.08 to 0.27 (Edwards and Omtvedt, 1971; Sti^ng and 
Smith, 1979; Bereskin, 1984). Lamberson (1990) reported the h^ for L21W to be 0.15 with 
values ranging from 0.07 to 0.38. 
The mean estimates of h^ and genetic and phenotypic correlations as summarized 
by Lamberson (1990) and Rothschild (1996) are shown in Tablel. 
Growth and carcass traits 
Growtii and carcass characters are traits of great importance to the swine industry. 
This is confirmed by the large number of studies that have estimated the parameters of 
these traits for use in genetic improvement programs. 
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Table 1. Heritabllity estimates and genetic and phenotypic correlations" for/among 
reproductive traits'* in the pig (Lamberson, 1990; Rothschild, 1996) 
Trait AP OR NB NBA 8 NW LBW L21W 
AP 0.32 -0.10 -0.01 -0.10 -0.25 -0.01 -0.24 -0.24 
OR 0.12 0.39 0.03 -0.14 - -0.65 -0.35 -0.60 
NB 0.00 0.06 0.10 0.91 -0.25 0.71 0.65 0.48 
NBA -0.03 0.04 0.91 0.07 0.02 0.88 0.63 0.65 
S - - -0.23 -0.21 0.05 - -0.09 0.84 
NW -0.05 0.02 0.66 0.61 - 0.06 0.67 0.93 
LBW -0.04 0.05 0.77 0.81 -0.07 0.70 0.29 0.69 
L21W -0.06 0.02 0.49 0.57 0.55 0.86 0.66 0.15 
^ Heritabilities on diagonal, genetic correlations above the diagonal, and phenotypic 
con-elations below the diagonal. 
'' AP = age at puberty, OR = ovulation rate, NB = number of pig bom per litter, 
NBA = number of pig bom alive per litter, S = survival to weaning, NW = number of pig 
wean per litter, LBW = litter birth weight, and L21W = litter 21 day weight 
Average daily gain (ADG) is one of the best known traits in this group. Several 
researchers had estimated the h^ of this trait by different methods. Vary widely estimated 
values were found among these studies. The average value of estimated h^ for ADG was 
0.35 and the range from 0.16 to 0.77 when the analysis of variance (ANOVA) method was 
used (Nordskog et al., 1944; Smith et al., 1962; Ward et al., 1964; Park, 1965; Smith and 
Ross, 1965; Biswas et al., 1966; Stockhausen and Boylan, 1966; Gavora, 1967; Fahmy 
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and Bernard, 1970; Isler, 1971; Robison and Berruecos, 1973a: Buxade, 1975; Young et 
al., 1978; Bereskin and Steele, 1988), and the mean estimate was 0.28 and the range of 
values from -0.02 to 0.55 when regression analysis (RA) was used (El-lssave and Remple, 
1961; Ward etal., 1964; Stockhausen and Boylan, 1966; Fahmy and Bernard, 1970; 
Edwards and Omtvedt, 1971; Hetzer and Miller, 1972; Ganyushkin, 1973; Pochemyayev et 
al., 1974; Rasajski, 1976). Stewart and Schinckel (1990) summarized over 175 research 
papers from the United States and Europe and reported the h^ for ADG of 0.30. Ferraz 
and Johnson (1993) used the REML animal model to estimate the h^ for this trait and 
presented values ranging from 0.23 to 0.34. Goodwin (1994) summarized the h^ estimates 
from 10 studies and found values ranging from 0.23 to 0.62 with a mean of 0.31. The 
result from his study, however, was 0.58. The National Pork Producers Council (NPPC) 
published the ADG h^ estimates by the sire component dam component, mid-parent 
component, and animal model, of 0.35, 0.71, 0.53, and 0.50, respectively (NPPC, 1995). 
Backfat thickness (BF) is another trait that has received much study. Literature h^ 
estimates the ranging from 0.09 to 0.89 with a mean estimate of 0.45 were found when the 
ANOVA method was used in the analysis (Smith et al., 1962; Smith and Ross, 1965; 
Stockhausen and Boylan, 1966; Gavora, 1967; Jensen etal., 1967; Nikoiicand Celikovic, 
1968; Argafiosa etal., 1969; Siers and Thomson, 1972; Stepanenko, 1973; Buxade, 1975; 
Young et al., 1978; Kennedy et a!., 1982). A mean estimate of 0.45 with values ranging 
from 0.11 to 0.76 were found from several studies using the RA method (Cox, 1964; 
Stockhausen and Boylan, 1966; Louca and Robison, 1967; Hetzer and Miller, 1972; 
Stepanenko, 1973; Rasajski, 1976; Kuhlers and Jungst, 1982). Stewart and Schinckel 
(1990) summarized results from over 175 studies and reported a mean estimate of 0.41 for 
h^ of BF. Estimates ranging from 0.47 to 0.50 were found in a study by Ferraz and 
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Johnson (1993) when REML animal model procedures were imployed in the analysis. 
Goodwin (1994) summarized 10 research papers and reported the values ranging from 
0.47 to 0.76 with a mean value of 0.57. His estimate of the h^ of BF was 0.72. 
Pari< (1965) estimated the h^ of feed conversion (FC) by ANOVA and reported 
values of 0.20 and 0.34 for Hampshire and Duroc breeds, respectively. Robison and 
Benxiecos (1973a) used the same procedure to estimate h^ for FC in different growth 
stages of Duroc and Yorkshire animals and reported values ranging from 0 to 0.78. The 
same researchers repeated their study and reported h^ estimates ranging from 0.52 to 0.77 
(Robison and Berruecos, 1973b). Stewart and Schinckel (1990) found tiie h^ for FC to 
average 0.30 in Uieir summary of several studies. 
Few reports were found where the h^ of average daily feed intake (AFI) was 
estimated. Stewart and Schinckel (1990) summarized available information and reported a 
mean h^ estimate for AFI of 0.24. NPPC (1995) reported the values of 0.23, 0.91, 0.57, 
and 0.50 when sire component, dam component, mid-parent component, and animal 
model procedures, respectively, were used. 
The mean h^ estimate for days to 230 pounds (DAYS) was summarized by Stewart 
and Schinckel (1990) and found to be 0.25. NPPC (1995) estimated the h^ for days to 250 
pounds by 4 different methods, sire component, dam component, mid-parent component, 
and animal model. The reported values were 0.33, 0.90, 0.62, and 0.57, respectively. 
Stewart and Schinckel (1990) summarized literature h^ estimates of numerous 
selected carcass ti^aits. They reported mean h^ estimates for tiie tentii rib backfat 
thickness (BF10), longissimus muscle area (LMA), dressing percentage (DP), carcass 
length (CL), and lean percentage (LP) to be 0.52, 0.47, 0.30, 0.56, and 0.48, respectively. 
Goodwin (1994) used tiie multiple trait derivative free REML (MTDFREML) procedure to 
30 
estimate the h^ for BF10, LMA, DP. and CL He reported values of 0.72, 0.76, 0.17, and 
0.75, respectively. A comprehensive study by the NPPC produced h^ estimates for 
carcass traits analyzed by the sire component, dam component, mid-parent component, 
and animal model methods. The h^ estimates ranged from 0.36 to 0.58 for average daily 
lean gain, 0.10 to 0.46 for DP, 0.35 to 0.69 for LP, 0.37 to 0.76 for CL, 0.32 to 0.72 for 
BF10, and 0.39 to 0.58 for LMA (NPPC, 1995). 
Stewart and Schinckel (1990) summarized tiie con-elations among numerous 
growth and carcass traits. Positive rg were found between ADG and BP, ADG and API, 
ADG and BF10. ADG and CL, DAYS and FC, DAYS and LEA, DAYS and LP, BF and FC, 
BF and AFI, BF and BFIG, BF and DP. FC and AFI, FC and BF10. AFl and BF10, API and 
DP, BF10 and DP. LEA and DP. LEA and LP, and CL and LP. while most of the other 
relationships were negative. A summary of h^, rg. and phenotypic con'elati'ons are shown in 
Table 2. Some supporting results were reported by Goodwin (1994). 
Meat quality traits 
The meat quality traits have become more important to swine industiy in recent 
years. The economic importance of these traits has lead to tiieir comprehensive study 
including genetic parameter estimation. Goodwin (1994) used the MTDFREML procedure 
to estimate the h^ and rg for several of these traits. He reported h^ estimates for subjective 
color score (PC), firmness score (PF). marbling score (PM), and Minolta color reflectance 
(MINOLTA), and ultimate pH of longissimus muscle (pH) of 0.21, 0.20, 0.19, 0.38, and 
0.31, respectively. He also provided rg estimates between PC and PF (0.90), PC and PM 
(0.78), PC and MINOLTA (-0.53), PF and PM (0.98), and MINOLTA and pH (-0.30). Four 
different methods; sire component, dam component, mid-parent component, and animal 
model, were used in the estimation of meat quality traits by tiie NPPC in 1995. The 
Table 2. Heritabillty estimates and genetic and phenotypic corelations' for/among growth and carcass traits'* in the pig (Stewart 
and Schinckel, 1990) 
Trait ADG DAYS BF FC AFI BF10 LEA DP CL LP 
ADG 0.30 -0.93 0.22 -0.70 0.87 0.21 -0.10 0.00 0.10 1 p
 
DAYS -0.90 0.25 -0.20 0.65 - -0.18 0.05 0.00 -0.10 0.10 
BF 0.20 -0.18 0.41 0.34 0.55 0.94 •0.35 0.15 -0.28 -0.85 
FC -0.65 0.60 0.25 0.30 0.20 0.31 -0.35 0.00 -0.07 -0.43 
AFI 0.75 - 0.25 0.22 0.24 0.45 -0.40 0.12 - -0.25 
BF10 0.17 -0.14 0.88 0.23 0.22 0.52 -0.38 0.19 -0.21 -0.87 
LEA -0.06 0.03 -0.28 -0.20 -0.15 -0.35 0.47 0.50 -0.18 0.65 
DP -0.15 0.10 0.20 0.10 0.10 0.20 0.32 0.30 -0.32 -0.10 
CL 0.08 -0.06 -0.21 -0.04 - -0.17 -0.12 -0.21 0.56 0.18 
LP -0.11 0.10 1 o
 
-0.25 -0.20 1 o
 
bo
 
0.62 0.00 0.10 0.48 
' Heritabilities on diagonal, genetic correlations above the diagonal, and phenotypic correlations below the diagonal. 
ADG = average daily gain, DAYS = days to 105 kg, BF = backfat thickness, FC = feed conversion, AFI = average daily feed 
intake, BF10 = carcass the tenth rib backfat thickness, LEA = longissimus muscle area, DP = dressing percentage, 
CL = carcass length, and LP = lean percentage. 
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mean and range of estimates are summarized in Table 3. 
Though genetic parameter values have been estimated for a long period of time, 
researchers continue to produce new estimates. This is due at least in part to the changing 
composition of tiie breeds and lines used in commerdal production, tiie development of 
new definitions of ti^its, e.g., muscle growtii, and increased sophistication of Uie 
metiiodologies available for estimating these parameters. 
Mixed Model Methodology 
Hazel (1943) inti-oduced selection index metiiods as a tool to be used by animal 
breeders in the evaluation of their genetic programs. The procedure had been extended 
throughout the entire worid and had been recognized as the basis of methods developed 
later. Henderson (1963) proposed the use of linear mixed model to estimate/predict an 
animal's genetic merit He described the general form of tiie mixed model is: 
y = Xb+Zu+e 
where y = vector of phenotypic performance values of tiie animal, 
X = incident matiix for fixed effects related to the phenotypic 
performance values, 
b = unknown vector of fixed effects associated with records in y, 
Z = incident matiix for random effects related to the phenotypic 
performance values, 
u = unknown vector of random animal effects associated with 
records in y, and 
e = vector of random residual effects. 
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Table 3. Heritability estimates for meat quality traits in the pig (summarized from NPPC, 
1995) 
Trait mean range 
Subjective color score 0.13 0.11-0.17 
Subjective marbling score 0.09 0.06-0.13 
Subjective firmness score 0.13 0.04-0.18 
Ulfmate pH 0.42 0.26-0.61 
Drip loss 0.15 0.11-0.17 
Water holding capacity 0.15 0.11-0.19 
Minolta color reflectance 0.26 0.21-0.31 
Minolta Hunter L color 0.25 0.20-0.31 
Lipid content 0.53 0.31-0.80 
Cholesterol content 0.35 0.16-0.57 
Cooking loss 0.08 0.00-0.16 
Moisture content 0.09 0.00-0.19 
Juiciness score 0.01 0.00-0.02 
Tenderness score 0.22 0.11-0.33 
Chewiness score 0.19 0.13-0.23 
Flavor score 0.03 0.00-0.06 
Henderson explained that the selection index produces best linear predictors (BLP) 
of random effects given that estimates of fixed effects are known without en-or. But, If 
unknown fixed effects are used, biased predictors of genetic merit from selection index 
procedure will result Mixed model evaluation has an advantage over selection index 
because it produces unbiased estimates. Estimates of random factors are known as best 
linear unbiased predictors (BLUP) of some estimable function of tiie random effects and 
estimates of fixed effects are best linear unbiased estimators (BLUE) of some estimable 
function of the fixed effects (Henderson, 1973). 
Henderson (1974) described the properties of mixed models as follows: 
1. evaluations are unbiased because the predictors have the same expected values 
as true values, 
2. evaluations minimize the variance of prediction errors, 
3. the metiiod is easy to leam by those used to worthing with least squares, 
4. it is easy to modify when conditions change, 
5. its properties are cleariy defined, 
6. its takes advantage of modem statistical and computing techniques for linear 
models. 
7. it obtains prediction error variances, 
8. it can sometimes eliminate bias due to selection and culling and provides a 
mechanism for checking the existent of bias. 
Henderson (1976) discovered tiiat Inclusion of the inverse of the relationship matrix 
(A"^) in the mixed model reduces prediction enror variances and thus improves accuracy of 
genetic evaluation. He then suggested general advice for use of mixed models for genetic 
evaluation (Henderson, 1985) as follows: 
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1. use the simplest model as possible that accounts for major sources of variance 
and bias, 
2. use a model with mutually uncorrelated sets of variables, if possible, 
3. carefully check the rank of coeffident matrix, 
4. consider use of iterative solutions because off-diagonal elements of the 
coeffident matrix tend to be smaller than diagonal elements. 
When selection has occurred in the evaluated population, fixed effect estimates are 
BLUE and random effects are BLUP if the following conditions exist (Henderson, 1985): 
1. random variables have a multivariate normal distribution, 
2. proportionality of genetic and environmental (co)variances are known, 
3. selection decisions are based on linear translation invariant of phenotypic 
records, 
4. tiie data used in selection decisions are included in the mixed model equations. 
A major advancement In animal breeding technology was the development of full 
animal models for genetic evaluation. Wiggans et al. (1988) suggested tiiat genetic 
evaluation can be conducted across-herd on large field data sets because of the 
improvements in computer technology. Kennedy et al. (1988) indicated that animal models 
incorporate A"^ and when it is multiplied by additive genetic variance (o^), the model 
describes the variance-covariance structure among additive breeding values of all animals. 
Additionally, inclusion of A"^ accounts for changes in variances and means bought about by 
selection and linkage disequilibrium (Kennedy et al., 1988). In the national dairy genetic 
evaluation program, the advantages of the animal model compared to the previous 
modified contemporary group evaluation used by USDA are described by Wiggans et al. 
(1988) as follows: 
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1. merit of mates is included, 
2. all animals are simultaneously evaluated, 
3. inclusion of dams provides a more complete relationship matrix, 
4. fixed effects are more accurately defined. 
A covariate for the inbreeding coeffident can be included in an animal model to 
represent the linear effects of inbreeding depression. Neither selection nor inbreeding 
influence breeding values obtained under an animal model (Kennedy et al., 1988). 
Stalder (1995) mentioned the introduction of animal models for conducting genetic 
evaluations in swine herds. Purdue University eariier developed the swine testing and 
genetic evaluation systems (STAGES) that cun-ently is used by the Yoritshire and Landrace 
purebred breed organizations to conduct genetic evaluation (Lofgren et al., 1994). The 
University of Georgia developed the purebred across-herd genetic evaluation (PAGE1) that 
is currently being used by the Duroc and Hampshire swine organizations (Mabry and 
Middleton, 1994). Arnold et al. (1992) indicated that the animal model can be applied to 
muitibreed data. 
Restricted maximum likelihood (REML) procedures are the method used to estimate 
(co)variance components of unbalanced animal breeding data (Boldman et al., 1993). The 
same researchers mentioned that this method obtains least squares estimates of the fixed 
effects included in the model. A widespread use of the REML method has resulted from 
the development of derivative free (DF) REML algorithm (Graser et al., 1987) and 
advances in computer technology. A number of researchers have developed procedures 
and programs from the basic concept of DFREML. This algorithm was used to 
simultaneously estimate environmental effects and variance components (Meyer, 1989). 
Mistal (1990) and Boldman and Van VIeck (1991) reported that a sparse-matrix solver was 
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developed to use with DFREML procedures to estimate variance components after the 
improvement of computer efficiency. Boldman et al. (1993) also developed a manual to 
assist users of the DFREML program for obtaining estimates of variance components, fixed 
effects, and random effects in either a single or a multiple trait analysis. These 
contributions from Hazel to Henderson, to Kennedy, to Boldman and others are recognized 
for being of great importance to improvements in the swine industry from the past to 
present and certain to continue into the future. 
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BREED AND STRESS GENE EFFECTS IN DUROC AND MINZHU SWINE 
A paper to be submitted to the 
Journal of Animal Science 
S. Ravungsook, L L Christian, M. F. Rothschild, M. G. Braet, and J. R. Newton 
Abstract 
A total of 87 pigs of three stress genotypes; homozygous normal (NN), 
heterozygous stress cam'er (Nn), and homozygous stress positive (nn), were produced 
from the base population of 7 stress cam'er Duroc boars and 11 stress negative Minzhu 
sows at the Iowa State University Bilsland Memorial Research Farni. Fi gilts carrying the 
stress gene (Nn) were backcrossed to their sire or a cam'er boar of their sire family to 
produce littermates of three stress genotypes. Litter, growth, carcass, and meat quality 
traits of these genotypes were studied. Average piglet birth weight was not different 
among these three genotypes, but NN piglets grew faster than the other two genotypes. 
The average 42 day litter weaning weight (AL42WT) was 10.73 kg for the NN group, 9.47 
kg for the Nn group, and 9.30 kg for the nn group with pre-weaning average daily gains 
(PREADG) of 0.227, 0.199, and 0.194 kg day"\ respectively. NN pigs required significantly 
fewer days to reach 105 kg exceeding the Nn pigs by 10.63 days and the nn pigs by 21.55 
days. (P<.05). The nn group had larger longissimus muscle area (ACLMA)(36.91 cm^) 
than both the Nn (35.08 cm^) and the NN group (32.91 cm^). No significant difference, 
however, was detected among these three genotypes for carcass tenth rib backfat 
thickness (ACBF10). Marbling score (MARBLING) decreased with the number of copies of 
stress gene while firmness score (FIRM) moved in the opposite direction. There was no 
statistically significant difference among the three genotypes for the other meat quality 
traits measured. This study was also extended to compare the above mentioned traits 
between purebred Duroc (DD) and the three quarters Duroc-Minzhu combination (DDZ). 
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Average piglet birth weight (PBWT) of DD pigs was 0.25 kg heavier than the Minzhu 
backcrosses. Average piglet weaning weight at 42 days (AP42WT) of the DD group was 
12.10 kg while the DDZ group weight was 10.74 kg on average at this age. The ACBF10 
of the DD carcass was 22.81 mm which was 9.20 mm less than the DDZ. The two groups, 
however, did not differ significantly in meat quality traits. 
Introduction 
The native Chinese breeds are known as the most prolific breeds of the world 
because of their large litter size (Zhang et al., 1983; Cheng, 1984; Legault, 1985; Bolet et 
al., 1986; Rothschild, 1986; Yun, 1988; Haley and Lee, 1990; McLaren, 1990; Youngs, 
1993). Among the Chinese breeds, the Meishan, Minzhu, and Fengjing are the three 
breeds chosen to be utilized in both educational research and commercial breeding 
programs in the United States (Li and Enfield, 1989; Young, 1992a, b). The Meishan and 
Fengjing together with two other breeds, the Erhualian and Jiaxing Black, are from the 
Taihu area near Shanghai while the Minzhu is from northeastern China (Li and Enfield, 
1989). These Chinese pigs, however, have undesirable fat composition (Gianola et al., 
1982; Legault et a!., 1985; Gandemer et a!., 1992; Patrick et al., 1993). Yen et al. (1991) 
indicated that a potential method of upgrading the reproductive performance of Western 
swine was to crossbreed our less prolific breeds with these prolific breeds of Chinese pigs. 
Many crossbreeding schemes have been evaluated using the Chinese breeds and the 
conventional ones for their producing value in animals with high reproduction and litter 
perfonnance, good carcass composition and meat quality (Legault et al., 1985; Rothschild, 
1986; McLaren, 1990; Young, 1992a, b). 
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Introdudng stress gene into breeding stock can increase lean meat composition 
(Lundstrom et al., 1989; Munray et al., 1989; Aalhus et al., 1991; Pommier et al., 1992; 
Leach et al., 1996) but produces poor meat quality (Christian, 1972; Christian and 
Rotiischild, 1981; Simpson and Webb, 1989; Satheretal., 1991a, b; Jones etal., 1994; 
Leach et al., 1996). Chinese breeds, however, appear to be free of the sti'ess gene and to 
possess excellent muscle quality (Touraille et al., 1989; Suzuki et al., 1991; Lan et al., 
1993). It is reasonable to assume that tiie combination of Uiese two influences, the sti'ess 
gene and Chinese germplasm, could produce both improved leanness and muscle quality. 
The objectives of this study are: 1) to compare litter traits, growth traits, carcass 
ti^its, and meat quality ti^its among tiie three sti'ess genotypes; homozygous nomnal (NN), 
heterozygous stress earner (Nn), and homozygous stress positive (nn), within Duroc-
Minzhu crossbred combination and 2) to compare tiiese same traits among purebred 
Duroc, purebred Minzhu, and the crossbreds of these two breeds. 
Materials and Methods 
Data description 
An experiment was conducted at the Iowa State University Bilsland Memorial 
Research Famn located near Madrid, Iowa to investigate the litter, growtii, carcass, and 
meat quality ti'aits of the three genotypes of the sti'ess gene; homozygous normal (NN), 
heterozygous stress cam'er (Nn), and homozygous stress positive (nn). The Chinese 
Minzhu sows and Duroc boars chosen to produce base population were considered to be 
representative of the two breeds. 
During the spring season of 1994, semen from 7 selected sti'ess carrier Duroc 
boars was obtained from three artificial insemination boar studs. Swine Genetics 
International Ltd., International Boar Semen / UPG, Inc., and Stoney Creek Farm, and used 
at random to inseminate 11 Minzhu sows. The sires chosen were the only carrier sires of 
this breed available from these studs. Expected progeny differences (EPD) for each boar 
were available for number bom alive, and the adjusted tenth rib backfat thickness. 
All breeding sows were housed during gestation in open-fronted buildings with 
concrete floored pens. The sows were moved to farrowing pens located in an 
environmental controlled building. At 3 to 7 days of litter age sows and their litters were 
transfen'ed to individual open-fronted lactation pens with concrete floors and straw 
bedding. 
When the piglets were approximately 16 days old, blood samples were collected to 
proceed the DNA molecular test (Fujii et a!., 1991) in order to identify their stress 
genotypes. They were weaned at approximately 42 days old, and then were moved to 
growing pens. Pigs were weighed off test on an individual basis at weekly intervals upon 
reaching a weight of 105 kg. Ultrasonic scanning to evaluate live pig tenth rib backfat 
thickness (ALBF10) and live pig longissimus muscle area was conducted by an Iowa State 
University certified technician. An Aloka 500V (Corometrics Medical Systems, Wallingford, 
CT) real-time ultrasonic machine equipped with a 12.5 cm, 3.5 Mhz linear array transducer 
was used. The procedure of Moeller (1994) was used with animals suspended in a crate 
designed to reduce movement. A guide constructed of "superflab" (Mick Radio-Nuclear 
Instruments, Inc., Bronx, NY) was used to permit the transducer to conform to the curvature 
of the pigs' back. A vegetable oil was placed on the pigs' back and the guide to improve 
conduction of sound from the transducer into the animals. These data were used in the 
comparison of growth traits between the two stress genotypes, NN and Nn. Only the Nn 
females were kept to produce the next generation. 
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When these Nn gilts were ready to mate, they were inseminated by semen from 
their own sire or the boars from the same sire family to ensure all stress genes in a family 
were of common origin. Inbreeding however, is expected to decrease litter trait 
performance as does the stress gene. The Chinese MInzhu sows, one of the highly prolific 
maternal ability breeds, were considered to be capable of overcoming some of these 
effects in this experiment 
The second generation offspring were also blood sampled at approximately 16 days 
of litter age for the DNA molecular test (Fujii et al, 1991). All three stress genotype animals 
were fed until they reached a minimum of 105 kg of body weight The pigs were then 
transported to Storm Lake, Iowa and slaughtered at the IBP Inc., Packing Plant and their 
carcasses evaluated. Carcass measurements were taken by an Iowa State University 
technician following a 24-hour chill. Standard carcass collection procedures, as described 
in Procedures to Evaluation Market Hogs (NPPC, 1991) were followed. The distribution of 
pigs by traits and genotypes are shown in Table 1. 
Litter traits 
The litter traits included in the stress genotype comparison were piglet birth weight 
(PBWT), adjusted 21-day piglet weight (AP21WT), adjusted 42-day piglet weight 
(AP42WT), and pre-weaning average daily gain (PREADG). 
Litter traits in the breed combination comparison included number of total piglets 
bom (NB), adjusted number piglets bom alive (ANBA), litter birth weight (LBWT), piglet 
birth weight (PBWT), litter alive weight (LAWT), number piglets nursed at 21 days (N21), 
adjusted 21-day litter weight (AL21WT), adjusted 21-day piglet weight (AP21WT), number 
piglets weaned at 42 days (N42), adjusted 42-day litter weight (AL42WT), adjusted 42-day 
piglet weight (AP42WT), and pre-weaning average daily gain (PREADG). The distribution 
43 
Table 1. Distribution of pigs across traits and genotypes 
Traits NN Nn nn Total 
Litter traits' 26 33 28 87 
Growth traits'' 25 25 - 50 
Carcass traits' 18 25 17 60 
Meat quality traits' 18 25 17 60 
' Data from F2 generation. 
'' Data from F1 generation. 
° All traits except pH (number of carcasses for pH data = 14). 
of pigs across traits and breed combinations are reported in Table 2. 
AL21 WT and ANSA were calculated by using the formula recommended in 
Guidelines for Uniform Swine Improvement Programs (NSIF, 1987). 
AP21WT was calculated as 
AP21WT = (Act.WT»AWF)+[(Act.WT»ATF)+(Act.WT«APF)]/LWT 
where AP21WT = adjusted 21-day piglet weight, 
Act.WT = actual piglet weight taken between 14 and 28 days of age, 
AWF = age weighed adjustment factor, 
ATF = adjustment factor for number of pigs after transfer, 
APF = adjustment factor for parity of nursing sow, and 
L21 WT = total weight of litter of nursing sow. 
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Table 2. Distribution of pigs across traits' and breed combinations' 
Traits DD DDZ DZ ZZ Total 
Litter ti^its (sow records) 
LBWT 24 
ANBA 24 
LAWT 24 
N21 19 
AL21WT 19 
NW 19 
AL42WT 19 
Litter traits (Individual records) 
PBWT 
AP21\/\rr 
AP42WT 
PREADG 
Carcass traits 
Meat quality ti'aits 
248 
165 
163 
163 
28 
28 
14 
14 
14 
14 
14 
14 
14 
130 
108 
99 
99 
60 
60 
19 
19 
19 
18 
18 
18 
18 
216 
156 
154 
154 
23 
23 
23 
23 
23 
23 
23 
246 
183 
180 
180 
80 
80 
80 
74 
74 
74 
74 
684 
538 
533 
533 
88 
88 
® See list of abbreviations. 
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All adjustment factors are described in Guidelines for Uniform Swine Improvement 
Programs (NSIF, 1987). 
PREADG was calculated as 
PREADG = (AcLWWT-PBWT)/WAGE 
where PREADG = pre-weaning average daily gain, 
ActWWT = actual weaning weight of piglet, 
PBWT = piglet birth weight, and 
WAGE = weaning age of pigleL 
AP42WT was calculated as 
AP42WT = PBWT+(42«PREADG) 
where AP42WT = adjusted 42-day piglet weight, 
PBWT = piglet birth weight, and 
PREADG = pre-weaning average daily gain. 
AL42WT was calculated as 
AL42WT = [42*(Act.LWT-TBWT)]/WAGE+TBWT 
where AL42WT = adjusted 42-day litter weight, 
Act-LWT = actual total weight of litter at weaning. 
TBWT = total birth weight of piglets of nursing sow, and 
WAGE = weaning age of litter. 
Growth traits 
Ultrasonic scanning was conducted on the two stress genotypes available in the 
first generation. Five available traits were used in the comparison between these two 
genotypes. These traits were adjusted live pig tenth rib backfat thickness (ALBF10), 
adjusted live pig longissimus muscle area (ALLMA), average daily gain from weaning to 
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scan (LADG), adjusted age to 105 kg (LD105). and live pig daily lean gain on test 
(LADLGT). 
LADG was calculated as 
LADG = (SCWT-PWWT)/(SCAGE-WAGE) 
where LADG =: average daily gain, 
SCWT = pig scanning weight, 
PWWT = pig weaning weight, 
SCAGE = age of pig at scan, and 
WAGE = age of pig at wean. 
The other traits were measured according to the procedure described in Procedures 
to Evaluate Market Hogs (NPPC, 1991) and were estimated by using the equations 
recommended in Guidelines for Uniform Swine Improvement Programs (NSIF, 1987). 
Traits were adjusted to a 105 kg live body weight basts. 
Carcass traits 
Carcass traits evaluated in this study included average daily gain from weaning to 
slaughter (CADG), adjusted age to 105 kg on slaughtered weight basis (CD105), carcass 
yield (YIELD), carcass length (LENGTH), adjusted carcass last rib backfat thickness 
(ACLRBF), adjusted carcass last lumbar backfat thickness (ACLBBF), adjusted carcass 
tenth rib backfat thickness (ACBF10), adjusted carcass longissimus muscle area (ACLMA), 
lean percentage (LP), average daily lean gain on test (CADLGT), and average daily lean 
gain of age (CADLGA). 
CADG was calculated as 
CADG = (SLWT-WWT)/(SLAGE-WAGE) 
where SADG = average daily gain from wean to slaughter, 
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SLWT = pig slaughter weight, 
WWT = pig weaning weight, 
SLAGE = age of pig at slaughter, and 
WAGE = age of pig at wean. 
Carcass yield was the ratio of carcass weight to slaughter weight expressed as a 
percentage. 
The carcass traits evaluated were measured according to the procedures described 
in Procedures to Evaluate Maricet Hogs (NPPC, 1991) and were estimated by using the 
equations recommended in Guidelines for Uniform Swine Improvement Programs (NSIF, 
1987). Traits were adjusted to 105 kg live body weight basis. 
Meat gualitv traits 
Five meat quality traits were evaluated in the comparison between purebred Duroc 
(DD) and crossbred Duroc-Minzhu (DZ) carcasses. These traits were longissimus muscle 
marbling score (MARBLING), longissimus muscle color score (COLOR), longissimus 
muscle firmness score (FIRM), longissimus muscle Minolta reflectance (MINOLTA), and 
longissimus muscle Minolta Hunter L Color (HUNTER). Two additional meat quality traits, 
longissimus muscle drip loss (DRIP) and longissimus muscle pH (pH), were included in the 
comparison of meat quality traits among the three stress genotypes. 
The methods used to evaluate MARBLING, COLOR, and FIRM are described in the 
Procedures to Evaluate Market Hogs (NPPC, 1991). The Minolta Chromameter DP310 
was used to estimate MINOLTA and HUNTER. The pH meter HI 9025C was used to 
measure pH. DRIP was evaluated by a modification of the filter paper method described 
by Kauffmann et al. (1986). 
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Statistical analysis 
The Statistical Analysis System (SAS. 1996) inbreeding procedure was used to 
calculate level of inbreeding of the litter and was then included in data set The General 
Linear Models (GLM) procedure of the Statistical Analysis System (SAS, 1995) was used to 
analyze the data. Data were analyzed by using several statistical models. The initial 
analysis of the data included main effects and all possible two-factor interactions of main 
effects. Non-significant effects and/or interactions were dropped from the initial models, 
until each trait had unique final model that included only significant effects (P<.10). Least 
squares means for tiie various ti^its were calculated to provide comparisons of interest 
Statistical models for comparison among different stress genotypes 
The basic model used to evaluate litter ti^its was; 
Model 1 Yjjy ~ fi+Si+Dj+Gk+bi(Xi-Xi)+b2P(2"X2)+e5u 
where Yija = the observation of tiie l"* litter in the k"* genotype in the 
j"' sex of the i"* sire, 
H = overall mean. 
Si = fixed effect common to the i*" sire, 
Dj = fixed effect common to tiie j"* sex, 
Gk = fixed effect common to the k"* genotype, 
bi(Xi-Xi) = linear regression of Y on level of inbreeding, 
b2(XrX2) = linear regression of Y on number of piglets in litter when 
the trait was evaluated, and 
eijw = random residual enror. 
The basic model used to evaluate growth traits was: 
Model 2 Yqid — jj.+St+Cj+Gk'^eijM 
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where Yijid 
M-
Si 
Cj 
Gk 
= the observation of the l"" animal in the k"* genotype in 
the j"* scanning group of the i* sire, 
= overall mean. 
= fixed effect common to the i"* sire, 
= fwed effect common to the j"* scanning group. 
= fixed effect common to the k"* genotype, and 
ep = random residual error. 
The same basic models used to evaluate carcass (model 3) and meat quality traits 
(model 4) were: 
= n+Si+Dj+Gic+GCid+b(X-X)+eijitim 
= the observation of the m"* animal in the l"* slaughter group 
in the k"" genotype in the j"* sex of the i*" sire, 
= overall mean. 
Model 3, 4 
where Yijidm 
Si 
Di 
Gic 
GCh 
b(X-X) 
®ijldm 
= fixed effect common to the i"* sire, 
= fixed effect common to the l"' sex, 
= fixed effect common to the k"* genotype, 
= interaction of the k"' genotype and the T slaughter group, 
= linear regression of Y on level of inbreeding, and 
= random residual error. 
Statistical models for comparison among different breed combinations 
The basic model used to evaluate litter traits was: 
Model 5 ' ijWmn - H+Mi+Dj+Gk+A|+Pn,+bi(Xi-Xi)+b2(X2-X2)+eij|dmn 
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where Yrjumn = the observaUon of the n"* piglet in the m"* parity in the T 
season in the k"* genotype in the j"* sex in the i"* mating 
type, 
^ = overall mean, 
Mi = fixed effect common to the i"* mating type, 
Dj = fixed effect common to the j"' sex. 
Git = fixed effect common to the k"* genotype, 
Ai = fixed effect common to the l"* season, 
Pm = fixed effect common to the m"* parity, 
bi(Xi-Xi) = linear regression of Y on level of inbreeding, 
b2(XrX2) = linear regression of Y on number piglets in litter when the 
trait was evaluated, and 
eijidmn = random residual error. 
The basic model used to analyze carcass traits was: 
Model 6 Yijidm = [x+Mi+Dj+Git+Ci+DGjic+b(X-X)+eiji(im 
where Yijidm = the observation of the m"* animal in the l"* slaughter group 
in the k"* genotype In the j"* sex in the i"* mating type, 
H = overall mean, 
Mi = fixed effect common to the i"' mating type, 
Dj = fixed effect common to the i"* sex, 
Ci = fixed effect common to the I*" slaughter group. 
Git = fixed effect common to the k"* genotype, 
DGjk = interaction of the j'" sex and the k"* genotype, 
b(X-X) = linear regression of Y on level of inbreeding, and 
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eijidm = random residual error. 
The basic model used to evaluate meat quality traits was: 
Model 7 Ygiditi = n+Mi+Dj+Git+Ci+eijidm 
where Yiwm = the observation of the m"* animal in the l"* slaughter group 
in the k"* genotype in the j"* sex in the i"* mating type, 
ix = overall mean, 
Mi = fixed effect common to the i"* mating type, 
D] = fixed effect common to the j"* sex, 
Gk = fixed effect common to the k"* genotype, 
Ci = fixed effect common to the l"* slaughter group, and 
eqwrn = random residual error. 
Results and Discussion 
Comparison amono different stress genotypes 
Utter trait analyses 
Least squares means and standard errors for litter traits of the three stress 
genotypes are reported in Table 3. Si and Dj did not significantiy effect to LBWT and were 
dropped from the basic model for this trait. The Gic*b2(X2-X2) and Dj»b2(X2-X2) interaction 
effects were significant and included in the model. This is described as model 1.1 in the 
appendix. 
Two additional interactions, Si*b2(X2-X2) and Dj*b2(XrX2). were included in tiie 
basic model in the analysis of A1_21WT (model 1.2 in the appendix). 
In the evaluation of AL42WT and PREADG, Djwas excluded from the basic model. 
Moreover, four Interaction effects, SGik, Gic*bi(Xi-Xi), Si«b2(XrX2), and Gk*b2(XrX2), were 
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Table 3. Least squares means and standard errors for litter traits' of three stress 
genotypes" 
Traits NN Nn nn 
PBWT, kg 1.29 ±0.04 1.28 ±0.04 1.28 ±0.04 
AP21WT. kg 6.99 ±0.37" 6.59 ±0.33" 6.07 ±0.34'' 
AP42WT. kg 10.73 ±0.87" 9.47 ±0.80'= 9.30 ±0.80'= 
PREADG, kg/day 0.227± 0.020" 0.199± 0.018" 0.194± 0.018" 
' See list of abbreviations. 
^ Means within a row with different superscripts differ (P<.05). 
added. The model is shown as model 1.3 in the appendix. 
There were no differences among NN, Nn, and nn for PBWT, however, normal 
animals grew faster than the two groups that carry the stress gene. The NN weighed 6.99 
kg at 21 days of age, while the Nn weighed 6.59 kg and the nn weighed 6.07 kg. 
Differences between nn and the other two genotypes were significant (P<.05). At 42 days 
the NN pigs averaged 1.26 kg (P<.05) heavier than the Nn pigs, and 1.43 kg heavier than 
the nn pigs (P<.05). Similar results were reported for PREADG. Animals of these 
genotypes were produced by stress carrier sires and dams from the same genetic 
background. They were expected to have the same average PBWT and permanent 
environmental effect or maternal effect. The differences in performance therefore can be 
attributed to the effects of the genotypes themselves. 
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Several studies have observed the maternal performance differences among these 
three genotypes (Lampo etal., 1985; Simpson etal., 1986; Nystrom and Anderson, 1993; 
Stalder, 1995). ChrisUan and Rothschild (1981) reported 21 and 42 day piglet weight 
differences among the three genotypes. Pre-weaning growth rate of these three 
genotypes from this study are In similar trend as those of post-weaning growth rate that will 
be discussed later. The AP21WT and AP42WT were also reflected by PREADG. The 
results show that NN pigs grow faster and weigh more at spedfic ages than nn pigs while 
Nn pigs are intermediate. 
Growth trait analyses 
Least squares means and standard en-ors for growth and compositional traits of the 
two stress genotypes are shown in Table 4. Data were obtained from the scanning traits 
measured on the two genotypes, NN and Nn, produced in the first generation. Cjhad no 
significant effect on ALBF10 and ALLMA, and was dropped from the basic model. This 
model is described in the appendix as model 2.1. 
All effects in the basic model in the evaluation of L0105 and LADLGT were 
important (P<0.1). 
The model used to analyze LADG included the linear regression of LADG on level 
of inbreeding, b(X-X), and Gk«b(X-X). This modified model appears as model 2.2 in the 
appendix. 
When compared to camera, normal animals had less ALBF10 (31.95 vs 32.71 mm), 
smaller ALLMA (26.15 vs 29.33 mm), and higher growth rate (0.684 vs 0.647kg day'^) than 
the Nn. The earners required more 2.17 days to reach 105 kg than normal pigs, but they 
had similar LADLGT (0.227 vs 0.228 kg day"^). No significant differences existed in the 
comparison of these traits except for ALLMA (P<.05). 
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Table 4. Least squares means and standard errors for growth traits * of two stress 
genotypes' 
Traits NN Nn 
ALBF10, mm 31.95 ±1.39 32.71 ±1.28 
ALLMA, cm^ 26.15 ±0.69" 29.33 ±0.64" 
LD105, day 196.16 ±5.03 198.38 ±4.55 
LADLGT, kg/day 0.227± 0.008 0.228± 0.007 
LADG, kg/day 0.684± 0.021 0.647± 0.018 
® See list of abbreviations. 
Means within a row with different superscripts differ (P<.05). 
Several studies have reported that these two genotypes do not differ for growth rate 
(Eikelenboom etal., 1980; Christian and Rothschild, 1981; Simpson and Webb, 1989; 
Sather et al., 1991b; Pommier et al.. 1992; Webb et al., 1994, and Leach et al., 1996), 
backfat thickness (Eikelenboom et al., 1980; Christian and Rothschild, 1981; Jones et al., 
1988; Pommier et al., 1992 and Webb et al., 1994), and days to slaughter (Pommier et al., 
1992). Luescher et al. (1979), however, reported that carriers grow faster than negative 
pigs. In contrast, Jensen and Barton-Gade (1985), Wilson (1993), and Goodwin (1994), 
however, reported higher daily gain of negative pigs. Goodwin (1994) reported that Nn 
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possessed larger ALLMA than the NN (P<.05). The results of this study agreed with these 
previous reports, however, significant difference existed only for ALLMA. The small 
numbers of animals in these comparisons, however, lowered the sensitivity of these 
comparisons. 
Caivass trait analyses 
Least squares means and standard en-ors for carcass traits of three stress 
genotypes are reported in Table 5. The basic model was modified by dropping Dj and 
b(X-X) effects and adding SGik effect in the evaluation of CADG. This is model 3.1 in the 
appendix. 
The Dj and b(X-^ effects were dropped from the basic model in the analysis of 
YIELD. It is described as model 3.2 in the appendix. 
Si had no significant effect in the evaluation of LENGTH and was excluded from the 
basic model. In addition, the linear regression of LENGTH on slaughter weight, b2(XrX2), 
and the interaction of tiie two covariates, bib2(Xi-Xi)(XrX2), were added to the model. The 
bi(XrXi) is the regression of LENGTH on level of Inbreeding. This model is 3.3 presented 
in the appendix. 
Four Interaction effects were included in model 3 to analyze ACLRBF. They were 
SGik, SDjj, DGjk, and Si»b(X-X). The unique model appears as 3.4 in the appendix. 
In the evaluation of ACLBBF. the interaction effects of SGq, Si»b(X-X) and 
Gk*b(X-X) were added to the basic model. This model is described as model 3.5 in the 
appendix. 
Model 3.6 in the appendix was used to evaluate ACBF10. Three additional 
interaction effects, SGi,-, SDij, and Gk*b(X-X), were included in the basic model for 
evaluation of tinis trait. 
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Table 5. Least squares means and standard errors for carcass traits' of three stress 
genotypes* 
Traits NN Nn nn 
CADG, kg/day 0.682± 0.008" 0.639± 0.008 = 0.625± 0.011 
CD105, day 183.09 ±2.02" 193.72 ±2.05" 204.64 ±2.68'' 
YIELD. % 73.80 ±0.54 74.08 ±0.55 73.73 ±0.70 
LENGTH, cm 80.88 ± 0.56 79.66 ±0.55 78.68 ±0.99 
ACLRBF, mm 30.32 ± 2.37 29.40 ±2.11 29.53 ±3.19 
ACLBBF, mm 29.31 ±2.72 30.33 ±2.54 30.42 ±3.22 
ACBF10. mm 33.56 ±1.34 32.38 ±1.38 32.59 ±1.99 
ACLMA. cm^ 32.91 ±1.06" 35.08 ±0.88"® 36.91 ±1.28'' 
LP. % 46.37 ±0.96" 48.22 ±0.97" 52.76 ±1.26'= 
CADLGT. kg/day 0.222± 0.006" 0.206± 0.006® 0.189± 0.009' 
CADLGA, kg/day 0.204± 0.006 0.200± 0.006 0.195± 0.007 
' See list of abbreviations. 
Means within a row with different superscripts differ (P<.05). 
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The GCid and b(X-)Q effects were deleted from the basic model in the analysis of 
ACLMA and SDjj and DGjk added in the model. This model is 3.7 in the appendix. 
Model 3.8 was used to evaluate CD105. This model was modified from the basic 
model by including the interaction effect of Dj^b(X-X). The model 3.8 is reported in the 
appendix. 
The b(X-)Q was dropped from the basic model in the evaluation of LP. it is shown 
as model 3.9 in the appendix. 
For the analysis of CADLGA the effect of Si»b(X-X) was added in the basic model. 
This model, 3.10, also appears in the appendix. 
The linear regression of CADLGT on level of inbreeding effect did not significantly 
effect CADLGT, and was excluded from the basic model. Two interaction effects, SGnc and 
DGjk, were significant and Included in the basic model. This model appears as model 3.11 
In the appendix. 
To slaughter weight, negative pigs grew faster than earners and positive animals 
(0.682, 0.639, and 0.625 kg day*\ respectively). This allowed NN pigs to reach 105 kg 
earlier than Nn and nn pigs (183.09,193.92, and 204.64 days, respectively) all differences 
among these three genotypes were significant (P<.05). Similar results were reported by 
Jensen and Barton-Gade (1985) and Goodwin (1994). Genotype comparisons for YIELD, 
ACLRBF, ACLBBF, and ACBF10 were not significant but generally favored the Nn and nn 
carcasses. Webb and Jordan (1979) also found no differences between halothane 
positive and halothane negative pigs for backfat thickness and YIELD. Christian and 
Rothschild (1981) reported that carcasses from Nn and nn had less ACBF10 than those of 
NN, however, Goodwin (1994) found significant differences (P<.05) for ACBF10 and YIELD 
but not for ACLRBF and ACLBBF in the comparison between normal and carrier 
carcasses. Leach et al. (1996) reported no differences for ACLRBF, ACLBBF, and 
ACBF10 in the comparison of NN and Nn carcasses. Carcasses from stress animals 
tended to be shorter in LENGTH than negative carcasses and Nn carcasses intermediate, 
however, no significant differences were detected. Similar results were reported by 
Christian (1974), Webb and Jordan (1979). Webb at al. (1982), Webb and Simpson 
(1986), Simpson and Webb (1989), Goodwin (1994), and Leach et al. (1996). The nn 
carcasses had significantly (P<.05) larger ACLMA (36.91 cm^) than those of the NN 
genotype (32.91 cm^) while Nn carcasses possessed intermediate ACLMA (35.08 cm^) and 
did not differ significantly from the other two genotypes. These results agreed with several 
previous studies (Christian, 1974; Webb et al., 1982; Jensen and Barton-Gade, 1985; 
Goodwin, 1994). Stress carcasses had 4.54% and 6.39% LP higher (P<.05) than Nn and 
NN carcasses, respectively. Webb et al. (1982) summarized several studies and reported 
positive pigs to have a more favorable average percent carcass lean than negative pigs. 
Webb and Simpson (1986) also reported superior LP in halothane positive pigs compared 
to negative pigs. Similar results were found by Simpson and Webb (1989). CADLGT of 
NN animals was significantly higher (P<.05) than that of Nn and nn animals, however, no 
significant differences existed among the three genotypes for CADLGA. This indicated 
that whereas the nn pigs have higher lean meat composition than the NN pigs, they grow 
more slowly and, hence, when average daily lean gain is considered, the result is similar 
performance by the three genotypes. 
Meat quality trait analyses 
Least squares means and standard errors for meat quality ti^its of three sti-ess 
genotypes are shown in Table 6. Basic model 4 was used to evaluate meat quality traits. 
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Table 6. Least squares means and standard errors for meat quality traits' of three stress 
genotypes" 
Traits NN Nn nn 
DRIP, g 0.465± 0.094 0.499± 0.084 0.543± 0.089 
COLOR, score 3.01 ±0.12 3.02 ±0.12 2.83 ±0.16 
MARBLING, score 3.14 ±0.18" 3.07 ±0.19" 2.26 ±0.24" 
FIRM, score 2.90 ±0.16" 2.73 ±0.16"® 2.35 ±0.20'' 
MINOLTA. % 23.86 ±0.88 24.22 ±0.87 25.52 ±1.13 
HUNTER. % 48.72 ±0.87 49.11 ±0.87 50.31 ±1.12 
PH 5.99 ±0.06 5.94 ±0.05 5.97 ±0.06 
® See list of abbreviations. 
^ Means within a row with different superscripts differ (P<.05). 
The model was exactly the same as the model 3 with some modifications to create a model 
unique for each trait. 
Dj and GCu effects were dropped from the basic model while the Si*b(X-X) 
interaction effect was included for evaluating DRIP. This modified model appears as 4.1 in 
the appendix. 
To analyze COLOR. SDi,- and Dj*b(X-X) effects were added to the basic model and 
the Si*b(X-X) dropped. The model is presented as model 4.2 in the appendix. 
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All effects in the basic model except the Dj remained In model 4.3 evaluating 
MARBLING. The model is shown in the appendix. 
Model 4.4 in the appendix was used to evaluate FIRM. The model Included only the 
Gk and GCu interaction effects. 
To evaluate MINOLTA and HUNTER, the basic model was modified by dropping the 
Sr and the b(X-X) effects. The new model 4.5 is reported in the appendix. 
The Dj effect was not significant in the analysis of pH and was then excluded from 
the basic model. The interaction effects of Si*b(X-)Q and Gk»b(X-X) were added to the 
model described as model 4.6 In the appendix. 
The NN and Nn carcasses had similar loin muscle COLOR (3.01 and 3.02, 
respectively) and were scored darker in color than nn carcasses, however, no significant 
differences were detected. Both negative and earner carcasses had significantly (P<.05) 
higher MARBLING than the stress positive. FIRM was significantly (P<.05) higher in the 
NN carcasses than those of the nn while the Nn carcasses was inte,rmediate but did not 
differ significantly from the other two genotypes. MINOLTA, HUNTER, and DRIP values 
tended to be higher (high degree of paleness and loss water holding capacity) when the 
number of stress gene copies increased but no significant differences were detected. The 
ultimate pH for each of the three genotypes were almost the same; 5.99, 5.94, and 5.97, 
for the NN, Nn, and nn carcasses, respectively. Similar results were reported by a number 
of researchers. Christian (1976) reported MINOLTA values were higher (P<.01) in 
halothane positive pigs when compared to control animals indicating a higher degree of 
paleness in positive pigs. He also reported that COLOR score was lower (P<.01) in stress 
positive carcasses compared to those produced by negative pigs. Eikelenboom and Costa 
(1988) reported that stress positive carcasses had poorer COLOR and higher MINOLTA 
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compared to values from negative pigs. The carcasses produced by NN were superior, Nn 
carcasses were intenmediate and nn carcasses were inferior (P<.05) for DRIP (Murray et 
al., 1989 and Lundstrom et al., 1989). Zhang et al. (1991) also reported that Nn pigs 
produced carcasses with COLOR, FIRM, and MARBLING superior (P<.05) to that of nn 
pigs. Christian et al. (1993) reported NN carcasses to be significantly more favorable and 
Nn carcasses to be intermediate for COLOR, MARBLING, FIRM, MINOLTA, HUNTER, 
DRIP, and pH. Goodwin (1994) and Leach et al. (1996) found significant differences 
(P<.05) between NN and Nn carcasses for COLOR, MARBLING, FIRM, and MINOLTA. 
Goodwin (1994) also reported NN carcasses tended to have higher pH than Nn carcasses. 
Leach et al. (1996), however, reported significant differences (P<.05) for DRIP and pH 
between the two genotypes. The results in this study are the same directions as the above 
reports, however, significant differences were not detected, except for MARBLING and 
FIRM. This is most likely result of the small sample size leading to lack of sensitivity. 
Comparison amono different breed combinations 
Litter trait analyses 
Table 7 shows least squares means and standard errors for litter traits of the 
different breed combinations. Model 5.1, shown in the appendix, was used to analyze NB, 
ANBA, N21 and NW. Only the Mi effect appeared in the basic model since the others were 
found to have no significant effects on these traits. 
Dj, Gk, and Ai effects were dropped from the basic model in the evaluation of LBWT 
and the bib2(Xi-Xi)(X2-X2) interaction added. This is described as model 5.2 in the 
appendix. 
The Mi»b2(X2-X2) and Pm*b2(XrX2) interactions were included in the basic model 
while the Gk, Ai and bi(Xi-Xi) effects were excluded in the analysis of PBWT. This model 
Table 7. Least squares means and standard errors for litter traits" of different breed combinations" 
Traits DD DDZ DZ ZZ 
Litter traits (sow records) 
NB, pigs 10.33 ±0.56*" 9.21 ±0.73" 11.32 ±0.63° 10.70 ±0.57"° 
LBWT, kg 16.63 ±0.80" 15.25 ±1.43" 11.18 ±0.78° 11.24 ±1.08° 
ANSA, pigs 10.50 ±0.56 10.29 ±0.73 11.65 ±0.63 12.07 ±0.57 
LAWT, kg 15.85 ±0.43" 13.42 ±0.63° 10.61 ±0.43" 10.89 ±0.59" 
N21. pigs 8.26 ±0.49 8.71 ±0.57 8.78 ±0.51 8.13 ±0.45 
AL21WT. kg 54.70 ±1.58" 55.66 ±1.85" 55.81 ±1.63" 46.57 ±1.44° 
NW, pigs 8.16 ±0.50 8.00 ±0.58 8.67 ±0.52 8.00 ±0.46 
AL42WT, kg 86.40 ±4.86"° 77.99 ±6.15"° 90.72 ±5.09" 79.29 ±6.37° 
" See list of abbreviations. 
Means within a row with different superscripts differ (P<.05). 
Table?, (continued) 
Traits DD DDZ DZ ZZ 
Litter traits (individual records) 
PBWT, kg 1.58 10.03" 1.33 ±0.04° 1.20 10.03" 1.07 ±0.03' 
AP21WT. kg 6.38 ±0.23" 5.63 ±0.30° 7.09 ±0.23" 5.97 ±0.31"° 
AP42WT, kg 12.10 ±0.73 10.74 ±1.06 11.64 ±0.76 10.59 ±1.18 
PREADG. kg/day 0.252± 0.016 0.222± 0.024 0.255± 0.017 0.226± 0.027 
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5.3 is shown In the appendix. 
Four effects from the basic nnodel remained in modified model 5.4 used for 
evaluating LAWT. These were Mi, Pm. b2P<2-X2), and Pm^b2(XrX2). This model Is also 
described in the appendix. 
To evaluate AL21WT, the Mi and b2{XrX2) effects were retained in the model while 
the other effects were dropped. It appears as model 5.5 in the appendix. 
The Pm effect was excluded from the basic model while four additional effects, DGjk, 
Mi#b2(XrX2), Dj»b2(X2-X2), and Ai*b2(XrX2), were included in the analysis of AP21WT. 
This model 5.6 is in the appendix. 
Model 5.7 in the appendix was used to analyze AL42WT. Three effects of the 
basic model, Mi, A|, and b2(XrX2). were consen/ed and the others excluded. Three 
additional effects, Mi»b2(X2-X2), baCXa-^), and A|*b3(X3-)^), were added. The baCXyXa) is 
the linear regression of AL42WT on weaning age. 
AP42WT was evaluated by using model 5.8 shown in the appendix. All effects in 
the basic model except Gk were remained. But, some additional effects were added. They 
were MDij, baCXa-)^), Mi*b2(XrX2). •.••b2(X2-X2). A,*b3(X3-^), bib2(Xi-X,)(X2-X2), and 
b2b3(X2"X2)(X3-X3). 
The DZ sows had the largest NB while ZZ sows gave birth to 0.62 fewer pigs per 
litter than DZ but 0.37 pigs more than DD. The DDZ sows had the smallest NB. A 
significant difference (P<.05) was found between the DZ and DDZ groups (11.32 vs 9.21 
pigs). After adjustment for parity, ZZ had the largest ANBA (12.07 pigs), followed by DZ, 
DD, and DDZ (11.65,10.50, and 10.29 pigs in respective order). Few studies have been 
conducted comparing the breed combinations evaluated in this study. Young (1992a), 
however, investigated litter ti^aits of composite females witii equal genetic contributions 
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from Chester White, Landrace, Large White, and Yorkshire mated to different Duroc and 
Minzhu boars. He reported that Duroc-sired group had fewer piglets bom per litter (NB) 
and number bom alive (NBA) than did the Minzhu-sired group (8.81 vs 9.43, and 8.14 vs 
9.01, respectively), however, no significant differences were found. In this study, DZ had 
NB larger than (he other groups, a finding expected because of heterosis and parity. 
Minzhu sows were in the second and third panties while Minzhu females in produdng 
purebreds, DZ, and most of the Duroc females were first litter gilts. The parity, however, 
was not a significantly effect (P>0.1) for NB, ANBA, N21, and NW, so it was dropped, as 
previously described, from the model for these analyses. When the trait was adjusted for 
parity, ANBA of ZZ was the largest, as was expected, when compared to the others. DZ 
showed the largest N21 and NW, 8.78 and 8.67 pigs per litter, respectively. DDZ had 
similar N21 as DZ (8.71 pigs) while purebred DD and ZZ had tine same NW (8.00 pigs). No 
significant differences among these four groups were detected for tiiese traits. Young 
(1992a) also reported NW of Duroc-sired and Minzhu-sired litters, 7.48 pigs of the former 
and 7.85 pigs of tiie latter, to not differ significantly. 
Average PBWT increased significantly (P<.05) when the percentage of Duroc blood 
increased. The average PBWT of ZZ, DZ. DDZ, and DD was 1.07, 1.20, 1.33, and 1.58 
kg, respectively. A similar trend was noted for LBWT where the DD were the heaviest 
(16.63 kg), followed by the DDZ (15.25 kg). DZ and ZZ had almost the same LBWT (11.18 
and 11.24 kg, respectively). Significant differences (P<.05) were found between the two 
purebreds, DD and ZZ, and between DDZ and DZ. LAWT also demonstrated a similar 
trend with ranking by weight being from DD to DDZ, ZZ. and DZ (15.85, 13.42, 10.89, and 
10.61, respectively). All comparisons were found to be significant (P<.05) except between 
DZ and ZZ. When weight was adjusted for parity, age of weighing, and number of piglets 
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nursed, DZ possessed the heaviest AL21WT (55.81 kg) followed closely by DDZ (55.66 
kg). DD was 0.96 kg less than DZ for this trait while AL21WT of ZZ was significantly lower 
(P<.05) than the other groups. AL42WT of the DZ group was also the heaviest among 
these four groups. Those for DD, ZZ, and DDZ were 86.40, 79.29, and 77.99 kg 
respectively. Significance (P<.05) was found between DZ and ZZ for AL42WT. Young 
(1992a) was unable to detect significant differences for LBWT and litter weaning weight 
between Duroc and Minzhu-sired litters, however, the latter tended to have heavier litter 
weaning weight than the former. Average AP21 WT of DZ (7.09 kg) was significantly 
different (P<.05) from those of the other three groups. The ZZ averaged 5.97 kg while the 
DD averaged 6.38 kg and the DDZ, 5.63 kg, with a significant difference (P<.05) noted 
between the last two groups. Averages for AP42WT of the DD, DZ, DDZ, and ZZ were 
12.10, 11.64, 10.74, and 10.59 kg, respectively. PREADG of these combinations ranged 
from 0.222 to 0.255 kg day"\ There were no significant differences detected among these 
groups for AP42WT and PREADG. 
The results of this study indicated that DZ have superior litter traits of NB and 
LBWT compared to DD, DDZ, and ZZ, but DD, however, tends to have increased rate of 
growth after 21 days of age. It is expected that heterosis plays a major role in the superior 
litter trait performances. 
Carcass trait analyses 
Least squares means and standard errors of carcass traits of different breed 
combinations are shown in Table 8. The b(X-X) effect was dropped from the basic model 
in the analysis of ACLRBF. This is model 6.1 in the appendix. 
Model 6.2 in the appendix was used to evaluate ACLBBF. This model included all 
effects in the basic model except C|. 
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Table 8. Least squares means and standard errors for carcass traits * of different breed 
combinat'ons* 
Traits DD DDZ 
CADG, kg/day 0.680± 0.018" 0.614± 0.019" 
CD105. day 177.69 ±4.53" 199.22 ±4.99"= 
YIELD, % 72.87 ±0.47 73.91 ±0.29 
LENGTH, cm 80.99 ±0.66 80.55 ±0.55 
ACLRBF, mm 26.02 ±1.47" 33.87 ±0.74'= 
ACLBBF, mm 24.67 ±1.66" 35.19 ±0.84® 
ACBF10, mm 22.81 ±1.88" 32.01 ±0.94'= 
ACLMA, cm2 34.18 ±1.43 33.85 ±1.22 
LP. % 50.46 ±1.29 47.83 ±0.64 
CADLGT. kg/day 0.274± 0.012" 0.215± 0.007'' 
CADLGA, kg/day 0.233± 0.005" 0.191± 0.006 = 
® See list of abbreviation. 
^ Means within a row with different superscripts differ (P<.05). 
The ACBF10 was analyzed by using model 6.3 in the appendix. This model was 
modified from model 6.2 by adding two more interaction effects, MD^ and Dj»bpc-^. 
The DGjk interaction was excluded from the basic model in the analysis of ACLMA. 
The model is described as model 6.4 in the appendix. 
The linear regression of the observed value on slaughter weight, bzPCr-Xz), was 
added to the basic model used to evaluate C0105. Gk and DGjk effects were replaced by 
two interaction effects, Dj»bi(Xi-Xi) and Ci»b2(XrX2). Model 6.5 is reported in the 
appendix. 
Model 6.6 in the appendix was used to evaluate LP. This model was modified from 
model 6.3. The difference was that the DGjk interaction in model 6.3 was replaced by the 
Gic»b(X-X) effect and the Ci effect added in the new model. 
There were three effects included in model 6.7 used for analyzing CADLGA. These 
were Mj, Dj, and C|. The model 6.7 is shown in the appendix. 
The Dj effect was dropped from model 6.7, changing it to model 6.8 in the 
evaluation of YIELD. 
Model 6.9 in the appendix was used in the analysis of LENGTH. It introduced two 
more effects, b2(X2-X2) and bib2(Xi-Xi)(X2-X2), into the basic model and dropped Ci. The 
additional covariates were described previously in the model 6.5. 
The linear regression of CADG on weaning weight, b2(XrX2). was the new covariate 
included in the basic model for evaluating CADG. Two more interaction effects, 
Dj»bi(XrXi) and Ci»b2(XrX2), were added while the Gk and DGjk were dropped from the 
model. The bi(Xi-Xi) is the linear regression of CADG on level of inbreeding as usual. 
This new model (6.10) is reported in the appendix. 
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When the MDq effect was included in the basic model for analyzing CADLGT, it 
becomes model 6.11. This model is in the appendix. 
The DD grew significantly faster (P<.05) than DDZ (0.680 vs 0.614 kg day'^) and 
they reached 105 kg 21.53 days earlier (P<.05) than the backcross animals. DD and DDZ 
did not differ for YIELD (72.87 vs 73.91%), LENGTH (80.99 vs 80.55 cm), ACLMA (34.18 
vs 33.85 cm^), and LP (50.46 vs 47.83%). The purebreds had 7.85, 10.53, and 9.2 mm 
significantly lower (P<.05) ACLRBF, ACLBBF, and ACBF10, respectively, than the 
backcross. Additionally, DD also had significantly higher (P<.05) CADLGT and CADLGA 
than the DDZ. Although no similar pattern of studies were found in the literature, Young 
(1992a) observed Duroc-sired and Minzhu-sired carcasses and reported significant 
differences (P<.05) between the two group for ACBF10, ACLBBF and ACLMA while 
ACLRBF and LENGTH were not found to differ. 
This study indicated that purebred Duroc has more favorable carcass traits than 
DDZ. Chinese Minzhu, as expected, produces inferior carcass traits even when only a 
quarter of this breed is present in the combination. 
Meat quality trait analyses 
Table 9 showed least squares means and standard errors for meat quality traits of 
different breed combinations. The linear regression of COLOR on level of inbreeding, 
b(X-X), and Dj»b(X-X) effects were Included in the basic model. The Gk and Ci effects 
were excluded from this new model described as model 7.1 in the appendix. 
All effects in the basic model in the evaluation of MARBLING were important 
(P<0.1). 
Only the Mj effect of the basic model remained in the best fitting model for the 
analysis of FIRM. This model 7.2 is shown in the appendix. 
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Table 9. Least squares means and standard errors for meat quality traits' of different 
breed combinat'ons* 
Traits DD DDZ 
COLOR, score 2.98 ±0.11 2.95 ±0.07 
MARBLING, score 2.73 ±0.19 2.70 ±0.10 
FIRM, score 2.89 ±0.13 2.73 ±0.09 
MINOLTA, % 25.41 ±0.80 24.15 ±0.55 
HUNTER, % 50.14 ±0.79 49.00 ±0.55 
° See list of abbreviations. 
MINOLTA and HUNTER shared the model 7.3 in this evaluation. The new model 
was formed by dropping the Gk effect from the basic model. 
The DD had COLOR and MARBLING similar to the DDZ. The fomner breed tended 
to have higher values than the latter for FIRM, MINOLTA, and HUNTER. No significant 
differences were found in the comparison between the two groups for all meat quality traits. 
Young (1992b) investigated the comparison between Duroc-sired and Minzhu-sired 
carcasses and reported significant differences (P<.05) between these two groups for 
MARBLING, but was unable to detect differences for COLOR and FIRM. Carcasses from 
Minzhu-sired animals, however, tended to be more favorable for these meat quality traits. 
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From the combination of the results of this study and previous studies, It can be 
concluded that a quarter Minzhu contribution does not significantly improve meat quality. 
In order to approach this target, choice worthy of consideration would be half Minzhu. 
Implications 
More study involving a large number of animals needs to be done to confirm the 
results presented here. A combination of tiie stress gene and Minzhu germplasm can 
improve litter traits, but reduces growth rate, increases carcass fat content, and fails to 
improve meat quality ti^its. The results of tills study combined with tiiose of previous work, 
indicate that neitiier tine sti'ess gene nor Minzhu genetic background should be intix)duced 
into commercial swine breeding programs. 
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ModeM.1 Yid 
where Ym 
= 
Git = 
bi(X,-Xi) 
b2(X2-X2) = 
Gk^bi(X,-Xi) = 
G|t*b2(X2-X2) = 
©kl = 
Appendix 
p.+Gic+bi(Xi-Xi)+b2(X2-X2)+Gk*bi(Xi-Xi)+Gk*b2(X2-X2)+ei(j 
the LBWT of the l'" litter in the k'" genotype, 
overall mean, 
fixed effect common to the k"* genotype, 
linear regression of Y on number of piglets bom, 
linear regression of Y on level of inbreeding, 
Interaction of the k'" genotype and the linear regression of 
Y on number of piglets bom. 
Interaction of the k'" genotype and the linear regression of 
Y on level of inbreeding, and 
random residual error. 
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Model 1.2 Yp = ^+Si+Dj+Gic+bi(Xi-Xi)+b2(X2-X2)+Si«b2(XrX2)+ 
Dj» b2(X2-X2)+eijid 
where YjjM = the AL21WT of the l"* litter In the k"* genotype In the j"* sex 
of the i'" sire, 
= overall mean, 
Sf = fixed effect common to the i**" sire, 
Dj = fixed effect common to the j"* sex, 
Gk = fixed effect common to the k"' genotype, 
bi(Xi-Xi) = linear regression of Y on level of inbreeding, 
b2(XrX2) = linear regression of Y on number of piglets at 21 days, 
Si*b2(X2-X2) = Interaction of the i"* sire and the linear regression of Y on 
number of piglets at 21 days, 
Dj»b2(X2-X2) = Interaction of the j'" sex and the linear regression of Y on 
number of piglets at 21 days, and 
ejjid = random residual error. 
Model 1.3 Yjid = |i.+Si+Gk+SGiic+bi(Xi-Xi)+b2(X2-X2)+Si*b2(X2-X2)+ 
Gk» bi (Xi-Xi )+Gk* b2(X2-X2)+eiH 
where YM = the observation of the l"* litter in the k"* genotype of the 
i'" sire, 
H = overall mean. 
Si = fixed effect common to the i'" sire, 
Gk = fixed effect common to the k"* genotype, 
SGik = interaction of the i"" sire and the k"* genotype. 
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Model 2.1 
where 
Model 2.2 
where 
bi(XrXi) = linear regression of Y on level of inbreeding, 
b2(XrX2) = linear regression of Y on number of piglets wean, 
Si»b2(XrX2) = interaction of the i"* sire and the linear regression of Y on 
number of piglets wean, 
Git»bi(Xi-Xi) = interaction of the k"* genotype and the linear regression of 
Y on level of inbreeding, 
Git»b2(X2-X2) = interaction of the k"* genotype and the linear regression of 
Y on number of piglets wean, and 
= random residual error. eiw 
Yijk 
Yn. 
Si 
Gi 
eijk 
YiiM 
Yijki 
Si 
Ci 
G, 
li+Si+Gj+eijk 
the observation of the k"* animal in the j"* genotype of the 
i"* sire, 
overall mean, 
fixed effect common to the i'" sire, 
fixed effect common to the j"* genotype, 
random residual error. 
|x+Si+Cj+Git+b(X-X)+Gic*b(X-X)+eiji(i 
the LADG of the l'" animal in the k"* genotype in the j"* 
scanning group of the i'" sire, 
overall mean, 
fixed effect common to the i"" sire, 
fixed effect common to the j'" scanning group, 
fixed effect common to the k*" genotype. 
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linear regression of Y on pig weaning weight, 
interaction of the genotype and the linear regression of 
Y on pig weaning weight, and 
random residual error. 
H+Si+Gj+SGrj+GCjic+eijid 
the CADG of the I*" animal in the k"" slaughter group in the 
j"* genotype of the i"* sire, 
overall mean, 
fixed effect common to the i*" sire, 
fixed effect common to the j"' genotype, 
interaction of the i*" sire and the j"' genotype, 
interaction of the j"* genotype and the k"* slaughter group, 
and 
random residual error. 
H+Si+Gj+GCjk+eijid 
the YIELD of the l'" animal in the k"* slaughter group in the 
j"' genotype of the i"* sire, 
overall mean, 
fixed effect common to the l'" sire, 
fixed effect common to the j'" genotype, 
interaction of the j'" genotype and tine k"* slaughter group, 
and 
random residual error. 
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Model 3.3 
where 
Model 3.4 
where 
= |i+ Di+Gj+GCiic+biPCrXi)+b2(X2-X2)+bib2(Xi-Xi)(X2-X2)+eqid 
= the LENGTH of the l"* animal in the k* slaughter group in 
the j"* genotype in the i"* sex, 
= overall mean, 
= fixed effect common to the i*" sex, 
= fixed effect common to the j"* genotype, 
= interaction of the j"* genotype and the k"* slaughter group, 
= linear regression of Y on level of inbreeding, 
= linear regression of Y on pig slaughter weight, 
bib2(Xi-Xi)(XrX2) = interaction of the linear regression of level of inbreeding 
and linear regression of pig slaughter weight, and 
= random residual error. 
= |x+Si+Dj+Gic+SDjic+SGiic+DGjic+GCid+b(X-X)+Si*b(X-X)+eijidiii 
Yii« 
Yjjid 
Di 
Gj-
GCjk 
bi(XrXi) 
b2(XrX2) 
Gijld 
Yijidm 
Yijidm 
Si 
Di 
Gk 
SDij 
SGik 
DGjit 
GCm 
b(X-X) 
= the ACLRBF of the m"* animal in the I*" slaughter group In 
the k"* genotype in the j"* sex of the i"* sire, 
= overall mean, 
= fixed effect common to the i"* sire, 
= fixed effect common to the i"" sex, 
= fixed effect common to the k"* genotype, 
= interaction of the i'" sire and the j'" sex, 
= interaction of the i'" sire and the k*" genotype, 
= interaction of the j'" sex and the k"* genotype, 
= interaction of the k"* genotype and the l"* slaughter group, 
= linear regression of Y on level of inbreeding. 
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interaction of the i*^ sire and the linear regression of Y on 
level of inbreeding, and 
random residual error. 
H+Si+Dj+Gic+SGiit+GCi(i+b(X-X)+Si*b(X-X)+Gk*b(X-X)+eiji(jm 
the ACLBBF of the m"* animal in the l"* slaughter group in 
the k"* genotype in the j"* sex of tl le i*" sire, 
overall mean, 
fixed effect common to the i"' sire, 
fixed effect common to the i"* sex, 
fixed effect common to the k"* genotype, 
interaction of the i'" sire and the k"* genotype, 
interaction of the k"* genotype and the l"^ slaughter group, 
linear regression of Y on level of inbreeding, 
interaction of the i'" sire and the linear regression of Y on 
level of inbreeding. 
Interaction of the k'" genotype and the linear regression of 
Y on level of inbreeding, and 
random residual error. 
H.+Si+Dj+Gk+SDij+SGiic+GCid+b(X-X)+Gic»bpC-X)+e,-jidni 
the ACBF10 of the m"'animal in the l"* slaughter group in 
the k"* genotype in the j"* sex of the i"* sire, 
overall mean, 
fixed effect common to the i"* sire, 
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Dj = fixed effect common to the i"* sex, 
Gk = fixed effect common to the k"* genotype, 
SDij = interaction of the i* sire and the j**" sex, 
SGik = Interaction of the i"* sire and the k"* genotype, 
GCw = interaction of the k"* genotype and the l"* slaughter group, 
b(X-X) = linear regression of Y on level of inbreeding, 
Gk^bCX-X) = interaction of the k"* genotype and the linear regression of 
Y on level of inbreeding, and 
eijMm = random residual error. 
Model 3.7 Yijid = i^+Sj+Dj+Gk+SDjk+DGjk+eijid 
where Yp = the ACLMA of the l"* animal in the k'" genotype in the j"* 
sex of the i"* sire, 
H- = overall mean, 
Si = fixed effect common to the i*" sire, 
Dj = fixed effect common to the i*" sex, 
Gk = fixed effect common to the k'" genotype, 
SDij = interaction of the i"* sire and the j*" sex. 
DGjk = interaction of the j"* sex and the k"* genotype, and 
eijki = random residual en-or. 
Model 3.8 Yijum == ti+Si+Dj+Gk+GCki+b(X-X)+Dj*b(X-X)+eijkim 
where Yijwm = the GDI05 of the m"* animal in the l"' slaughter group in 
the k'" genotype in the j"' sex of the i"* sire, 
^ = overall mean, 
Si = fixed effect common to the i"" sire, 
Di 
Gk 
GCw 
b(X-)Q 
Dj»b(X-)Q 
©ijkim 
Model 3.9 Yijidm 
where Yijum 
y-
Si 
Di 
Gk 
GC„ 
®iiWm 
Model 3.10 Ygun, 
where Ygkim 
Si 
Di 
Gk 
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fixed effect common to the i"* sex, 
fixed effect common to the k"* genotype, 
interaction of the k"* genotype and the I*" slaughter group, 
linear regression of Y on level of inbreeding, 
interaction of the j**" sex and the linear regression of Y on 
level of inbreeding, and 
random residual error. 
H+Si+Dj+Gk+GCw+eijHm 
the LP of the m"* animal in the l"* slaughter group in the k"* 
genotype in the j"* sex of the i"* sire, 
overall mean, 
fixed effect common to the i"" sire, 
fixed effect common to the i"* sex, 
fixed effect common to the k"* genotype, 
interaction of the k"* genotype and the l"* slaughter group, 
and 
random residual error. 
H+Si+Dj+Gk+GCk]+b (X-X)+Si* b(X-X)+ejjkim 
the CADLGA of the m"* animal in the l"* slaughter group in 
the k*" genotype in the j'" sex of the i"' sire, 
overall mean, 
fixed effect common to the i*" sire, 
fixed effect common to the i"* sex, 
fixed effect common to the k'" genotype. 
GC« 
b(X-^ 
Si*b(X-X) 
©ijidm 
Model 3.11 Yijwm 
where YijHm 
Si 
Di 
Gk 
SGik 
DGjk 
GCu 
Sijklm 
Model 4.1 Yikn, 
where Yto 
R 
Si 
Gk 
b(X-X) 
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interaction of the k"* genotype and the 1*^ slaughter group, 
linear regression of Y on level of inbreeding, 
interaction of the i*^ sire and the linear regression of Y on 
level of inbreeding, and 
random residual error. 
^i+Si+Dj+Git+SGik+DGjk+GCid+eijidm 
the CADLGT of the m*" animal in the l"' slaughter group in 
the k'" genotype in the j"* sex of the i"* sire, 
overall mean, 
fixed effect common to the i"* sire, 
fixed effect common to the i"* sex, 
fixed effect common to the k*" genotype, 
interaction of the i*" sire and the k"* genotype, 
interaction of the j"* sex and the k"* genotype, 
interaction of the k"' genotype and the l"* slaughter group, 
and 
random residual error. 
^+Si+Gk+b(X-X)+Si»b(X-X)+ei,an 
the DRIP of the m'" animal in the k*" genotype of the i*" 
sire, 
overall mean, 
fixed effect common to the i"* sire, 
fixed effect common to the k"' genotype, 
linear regression of Y on level of inbreeding, 
Si*b(X-^ 
Snon 
Model 4.2 Yijum 
where Yoidm 
ft 
Si 
Di 
Gk 
SDij 
GCw 
b(X-X) 
Di*b(X-X) 
Sijldm 
Model 4.3 
where Yiwm 
Si 
Gk 
GCid 
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interaction of the i"* sire and the linear regression of Y on 
level of inbreeding, and 
random residual error. 
^+Si+Dj+Gk"*'SDij+GCi(i+b(X-X)+Dj*b(X-X)+eijidm 
the COLOR of the m"* animal in the l"* slaughter group in 
the k"* genotype in the j"* sex of the i"* sire, 
overall mean, 
fixed effect common to the i"* sire, 
fixed effect common to the i"* sex, 
fixed effect common to the k"* genotype, 
interaction of the i"* sire and the j"* sex. 
Interaction of the k"* genotype and the l"* slaughter group, 
linear regression of Y on level of inbreeding, 
interaction of the j"' sex and the linear regression of Y on 
level of inbreeding, and 
random residual error. 
H+Si+Gk+GCu+b(X-X)+eiidm 
the MARBLING of the m'"animal in the l"* slaughter group 
in the k'" genotype of the l'" sire, 
overall mean, 
fixed effect common to the i"* sire, 
fixed effect common to the k"* genotype, 
interaction of the k"* genotype and the l"* slaughter group, 
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linear regression of Y on level of inbreeding, and 
random residual error. 
H+Gk+GCid+eidm 
the FIRM of the m"* animal in the I*" slaughter group in the 
k*" genotype, 
overall mean, 
fixed effect common to the k"* genotype, 
interaction of the k"* genotype and the i"' slaughter group, 
and 
random residual error. 
H+Dj+Git+GCid+ejidm 
the observation of the m"* animal in the l"* slaughter 
group in the k"* genotype in the j"* sex, 
overall mean, 
fixed effect common to the j'" sex, 
fixed effect common to the k"* genotype, 
interaction of the k"* genotype and the l"' slaughter group, 
and 
random residual error. 
^+Si+Gk+b(X-X)+Si*b(X-X)+Gk»b(X-X)+eM 
the pH of the l'" animal in the k'" genotype of the i"* sire, 
overall mean, 
fixed effect common to the i"* sire, 
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Model 5.1 
where 
Model 5.2 
where 
Gk 
b(X-^ 
Si^b(X-X) 
Gic*b(X-X) 
©iW 
Yii 
Y? 
Mi 
©nk 
Yi„„ 
Yin,, 
Mi 
Pm 
bi(X,-X,) 
b2(X2-X2) 
= fixed effect common to the k"* genotype, 
= linear regression of Y on level of inbreeding, 
= interaction of the i"" sire and the linear regression of Y on 
level of inbreeding, 
= interaction of the k"* genotype and the linear regression of 
Y on level of inbreeding, and 
= random residual error. 
= n+Mi+eij 
= the observation of the litter in the i"* mating type, 
= overall mean, 
= fixed effect common to the i"* mating type, and 
= random residual error. 
= [X+Mi+Pni,+bi(Xi-Xi)+b2(X2-X2)+bib2(Xi-Xi)(X2-X2)+eimi 
= the LBWT of the l'" litter in the m"* sow parity in the i"* 
mating type, 
= overall mean, 
= fixed effect common to the i"" mating type, 
= fixed effect common to the m"* sow parity, 
= linear regression of Y on level of inbreeding, 
= linear regression of Y on number of total piglets bom, 
bib2(Xi-Xi)(XrX2) = interaction of the linear regression of Y on level of 
inbreeding and linear regression of Y on number of total 
piglets bom, and 
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eimi = random residual error. 
Model 5.3 Yq„, = n+Mi+Dj+P„+b(X-^+Mj«b(X-^+P„,«bpC-^+eii„, 
where Yijmi = the PBWT of the l"* piglet In the m*^ sow parity in the j"" 
sex In the i"* mating type, 
^ = overall mean. 
Mi = fixed effect common to the i"* mating type, 
Dj = fixed effect common to the j"* sex, 
Pn, = fixed effect common to the m"* sow parity, 
b(X-X) = linear regression of Y on number of total piglets bom, 
Mi»b(X-X) = interaction of the i"' mating type and the linear regression 
of Y on number of total piglets bom, 
Pk»b(X-X) = interaction of the k"* sow parity and the linear regression 
of Y on number of total piglets bom, and 
ep = random residual error. 
Model 5.4 Ymi = n+Mi+Pm+b(X-X)+Pm»b(X-X)+eimi 
where Ymi = the LAWT of the l'" litter in the m'" sow parity in the i"* 
mating type, 
ix = overall mean, 
Mi = fixed effect common to the i"* mating type, 
Pm = fixed effect common to the m"* sow parity, 
b(X-X) = linear regression of Y on number of total piglets bom, 
Pn,*b(X-X) = interaction of the m'" sow parity and the linear regression 
of Y on number of total piglets bom, and 
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esmi = random residual error. 
Model 5.5 Y, = ^+Mi+b(X-X)+eii 
where Yij = the Ai-21WT of the f litter in the i*^ mating type, 
H = overall mean, 
Mi = fixed effect common to the i"* mating type, 
b(X-X) = linear regression of Y on number piglets nursed at 21 
days, and 
eg = random residual error. 
Model 5.6 Yipdm = |j.+Mr+Dj+Gic+A|+DGjk+bi(XrXi)+t)2(X2-X2)+Mj«bi(Xi-Xi)+ 
Dj»bi(Xi-Xi)+Ai»bi(Xi-Xi)+eijidm 
where Yijidm = the AP21WT of the m"* piglet in the l"* season in the k"* 
genotype in the j"* sex in the i"* mating type, 
H = overall mean, 
Mj = fixed effect common to the i'" mating type, 
Dj = fixed effect common to the j"* sex, 
Gk = fixed effect common to the k'" genotype, 
Ai = fixed effect common to the l"* season, 
DGji = interaction of the j"* sex and the l"* genotype, 
bi(Xi-Xi) = linear regression of Y on number piglets nursed at 21 
days. 
bzCXrXa) = linear regression of Y on level of inbreeding, 
Mi»bi(Xi-Xi) = Interaction of the i'" mating type and the linear regression 
of Y on number piglets nursed at 21 days. 
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Model 5.7 
where 
Model 5.8 
where 
Dj»bi(Xi-Xi) = interaction of the f sex and the linear regression of Y on 
number piglets nursed at 21 days, 
Ai,«bi(Xi-Xi) = interaction of the k"* season and the linear regression of 
Y on number piglets nursed at 21 days, and 
epm = random residual error. 
Yjim = (l+Mi+A|+b2(X2-X2)+b3(X3-X3)+Mj»b2(X2-X2)+ 
Ai* b3(X3-X3)+eiim 
Y„„, 
^ ' = 
Mi 
Ai = 
b2(X2-X2) — 
bsCXa-Xa) = 
Mi*b2(X2-X2) — 
A,*b3(X3-X3) = 
®ilm ~ 
Y ijinin ~ 
Yii ijimn 
the AL42WT of the m'" litter in the l"* season in the i"* 
mating type, 
overall mean, 
fixed effect common to the i"* mating type, 
fixed effect common to the l'" season, 
linear regression of Y on number piglets weaned 
linear regression of Y on litter weaning age, 
interaction of the i"* mating type and the linear regression 
of Y on number piglets weaned, 
interaction of the l'" season and the linear regression of 
Y on litter weaning age, and 
random residual error. 
|j,+Mi+Dj+Ai+Pm+MDij+bi(Xi-Xi)+b2(X2-X2)+b3(X3-X3)+ 
Mj*bi(Xi-Xi)+Dj*bi(Xi-Xi)+Ai*b2(X2*X2)+ 
b,b2(X,-Xi)(X2-X2)+b,b3(X,-Xi)(X3-X3)+eii,„„ 
the AP42WT of the n"' piglet in the m"* sow parity in the l"* 
season in the j'" sex in the i"* mating type. 
90 
^ = overall mean, 
Mi = fixed effect common to the i*^ mating type, 
Dj = fixed effect common to the j"* sex, 
Ai = fixed effect common to the l"* season, 
Pn, = fixed effect common to the m"* sow parity, 
MDij = interaction of the i"* mating type and the j"* sex, 
bi(Xi-Xi) = linear regression of Y on number piglets weaned, 
bzCXr-Xz) = linear regression of Y on litter weaning age, 
baCXs-^) = linear regression of Y on level of inbreeding, 
Mi*bi(Xi-Xi) = interaction of the i"* mating type and the linear regression 
of Y on number piglets weaned, 
D]»bi(Xi-Xi) = interaction of the j'" sex and the linear regression of Y on 
number piglets weaned, 
Ai»b2(X2-X2) = interaction of the l"* season and the linear regression of 
Y on litter weaning age, 
bib2(XrXi)(XrX2) = Interaction of the linear regression of Y on number 
piglets weaned and linear regression of Y on litter 
weaning age, 
bib3(Xi-Xi)(X3-^) = interaction of the linear regression of Y on number 
piglets weaned and linear regression of Y on level of 
inbreeding, and 
Bijimn = random residual error. 
Model 6.1 Yijidm = |i+Mi+Dj+Gk+Ci+DGjk+eijKim 
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where Yijdm = the ACLRBF of the m"* animal in the l"* slaughter group in 
the k"* genotype in the j"* sex in the i*  ^mating type, 
 ^ = overall mean, 
Ml = fixed effect common to the i"* mating type, 
Dj = fixed effect common to the i"' sex, 
Gk = fixed effect common to the k"* genotype, 
Ci = fixed effect common to the I*" slaughter group, 
DGjk = interaction of the j"* sex and the k"* genotype, and 
Gijidm = random residual error. 
Model 6.2 Yjjton = n+Mi+Dj+Gk+DGjit+b(X-X)+eijiat, 
where Yijkm = the ACLBBF of the m"* animal in the k"* genotype in the j"* 
sex in the i"* breeding type, 
= overall mean, 
Mi = fixed effect common to the i"* breeding type, 
Dj = fixed effect common to the i"* sex, 
Gk = fixed effect common to the k"* genotype, 
DGjk = interaction of the j"" sex and the k"* genotype, 
b(X-X) = linear regression of Y on level of inbreeding, and 
eijkm = random residual error. 
Model 6.3 Yjjkn, = ^+Mi+Dj+Gk+MDij+DGjk+b(X-X)+Dj•b(X-X)+eijkm 
where Yijkm = the ACBF10 of the m'" animal in the k"* genotype in the j"' 
sex in the i'" mating type, 
^ = overall mean. 
Mi = fixed effect common to the i"' mating type. 
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Dj = fixed effect common to the i"* sex, 
Gk = fixed effect common to the k"* genotype, 
MDij = Interaction of the i"" mating type and the j"* sex, 
DGjit = interaction of the j*" sex and the k"* genotype, 
b(X-X) = linear regression of Y on level of Inbreeding, 
Dj*b(X-X) = Interaction of the j"* sex and the linear regression of Y on 
level of Inbreeding, and 
eijian = random residual error. 
Model 6.4 Yjjidm = n+Mi+Dj+Gic+Ci+b(X-X)+eijidm 
where YijMm = the ACLMA of the m"* animal In the l"* slaughter group In 
the k"" genotype In the j"* sex of the i"* mating type, 
^ = overall mean, 
Mi = fixed effect common to the l'" mating type, 
Dj = fixed effect common to the I*" sex, 
Gi, = fixed effect common to the k"* genotype, 
Ci = fixed effect common to the l"" slaughter group, 
b(X-X) = linear regression of Y on level of Inbreeding, and 
eijidm = random residual error. 
Model 6.5 Yij,„, = ^+Mi+Dj+C,+bi(Xi-Xi)+b2(XrX2)+Dj»bi(Xi-Xi)+ 
C|» b2(X2-X2)+eijinn 
where Yijim = the CD105 of the m'" animal in the l"* slaughter group in 
the j"' sex In the l'" breeding type, 
^ = overall mean, 
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Mi = fixed effect common to the i"* mating type, 
D| = fixed effect common to the i"* sex, 
Ci = fixed effect common to the l"* slaughter group, 
bi(Xi-Xi) = linear regression of Y on level of inbreeding, 
b2(X2-X2) = linear regression of Y on pig slaughter weight, 
Dj*bi(Xi-Xi) = interaction of the f sex and tiie linear regression of Y on 
level of inbreeding, 
Ci*b2(X2-X2) = interaction of the l"* slaughter group and tiie linear 
regression of Y on pig slaughter weight and 
eijim = random residual error. 
Model 6.6 Yijum = (x+Mi+Dj+Git+Ci+MDij+b(X-X)+Dj»b(X-X)+Gic*b(X-X)+eijidm 
where Yijwm = the LP of the m"* animal in the l"" slaughter group in the k"" 
genotype in the j*" sex in the i"* mating type, 
= overall mean, 
Mj = fixed effect common to ttie i*" mating type, 
Dj = fixed effect common to tine i*" sex, 
Git = fixed effect common to the k*^ genotype, 
Ci = fixed effect common to tiie l'" slaughter group, 
MDjj = interaction of the i"* mating type and the j"' sex, 
b(X-X) = linear regression of Y on level of inbreeding, 
Dj»b(X-X) = interaction of the j'" sex and tiie linear regression of Y on 
level of inbreeding, 
Gk*b(X-X) = interaction of the k"* genotype and the linear regression of 
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Y on level of inbreeding, and 
random residual error. 
p.+Mi+Dj+Ci+eijini 
the CADLGA of the m*^ animal in the l"* slaughter group in 
the j'" sex in the i"" mating type. 
overall mean, 
fixed effect common to the i"* mating type, 
fixed effect common to the j"* sex, 
fixed effect common to the I*" slaughter group, and 
random residual error. 
^+Mi+C|+ei|^, 
the YIELD of the m"* animal in the l"* slaughter group in 
the i"* mating type, 
overall mean, 
fixed effect common to the i"* mating type, 
fixed effect common to the l"* slaughter group, and 
random residual error. 
^+Mi+Di+Gk+DGj,+bi(Xi-Xi)+b2(XrX2)+ 
bib2(Xi-Xi)(X2-X2)+eijto„ 
the LENGTH of the m"* animal in the k"* genotype in the j"' 
sex in the l'" mating type, 
overall mean, 
fixed effect common to the i"* mating type. 
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Dj = fixed effect common to the j"* sex, 
Gk = fixed effect common to the k"* genotype, 
DGjk = interaction of the k"* genotype and the j"* sex, 
bi(Xi-Xi) = linear regression of Y on level of Inbreeding, 
b2(X2-X2) = linear regression of Y on pig slaughter weight, 
bib2(Xi-Xi)(XrX2) = interaction of the linear regression of level of inbreeding 
and linear regression of pig slaughter weight, and 
eijioi, = random residual error. 
Model 6.10 Yijim = jx+Mi+Dj+Ci+bi(Xi-Xi)+b2(X2-X2)+Dj«bi(Xi-Xi)+ 
C|» b2(X2-X2)+eij|tn 
where Yjjim = the CADG of the m"* animal in the in the l"* slaughter 
group in the j"' sex in the i"* mating type, 
^ = overall mean, 
Mi = fixed effect common to the i"* mating type, 
D] = fixed effect common to the j"* sex, 
Ci = fixed effect common to the l"* slaughter group, 
bi(Xi-Xi) = linear regression of Y on level of inbreeding, 
b2(X2-X2) = linear regression of Y on pig weaning weight, 
Dj»bi(Xi-Xi) = interaction of the j'" sex and the linear regression of Y on 
level of inbreeding, 
Ci»b2(X2-X2) = interaction of the T slaughter group and the linear 
regression of Y on pig weaning weight, and 
ejjltn = random residual error. 
Model 6.11 Ypm 
where YijMm 
Mi 
D| 
Gk 
C, 
MDij 
DGjk 
b(X-X) 
®ijWm 
Model 7.1 Yijk 
where Yqu 
R 
Mi 
Di 
b(X-X) 
Dj*b(X-X) 
eijk 
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p.+Mi+Dj+Git+Ci+MDii+DGjk+b(X-X)+eijHm 
the CADLGT of the m"* animal in the l"* slaughter group in 
the k"" genotype In the j"* sex in the l"* mating type, 
overall mean, 
fixed effect common to the i"* mating type, 
fixed effect common to the j"* sex, 
fixed effect common to the k"* genotype, 
fixed effect common to the l"* slaughter group, 
interaction of tiie i"* mating type and the j"* sex, 
interaction of tiie j*" sex and the k**" genotype, 
linear regression of Y on level of inbreeding, and 
random residual error. 
H+Mi+Dj+b(X-X)+Di*b(X-X)+eijk 
the COLOR of the k"* animal in tiie j"* sex in Oie i"* mating 
type. 
overall mean, 
fixed effect common to tiie i"* mating type, 
fixed effect common to the i"* sex, 
linear regression of Y on level of inbreeding, 
interaction of tine j'" sex and tiie linear regression of Y on 
level of inbreeding, and 
random residual error. 
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Model 7.2 = i^+Mj+eii 
where Y, = the FIRM of the f animalln the i"* mating type, 
li = overall mean, 
Mi = fixed effect common to the i"" mating type, and 
ej| = random residual error. 
Model 7.3 Yijim = ^+Mi+Dj+Cl+eij|m 
where Yijin, = the observation of the m"* animal in the l"* slaughter group 
in the j'" sex in the i"* mating type, 
H = overall mean. 
Mi = fixed effect common to the i"* mating type, 
Dj = fixed effect common to the j"' sex, 
Ci = fixed effect common to the l"* slaughter group, and 
eijim = random residual error. 
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PERFORMANCE OF SYNTHETIC AMERICAN-CHINESE SWINE 
SELECTED FOR LEAN GROWTH 
A paper to be submitted to the 
Journal of Animal Sdence 
S. Ravungsook, L L Christian, M. G. Braet, and J. R. Newton 
Abstract 
A total of 32 gilts from three synthetic lines; high lean gain (HL), low lean gain (LL), 
and control (CL), were produced from 9 Meishan sows inseminated by semen from 6 
Yorkshire boars. These gilts were subsequently mated by one of five randomly selected 
Yorkshire-Meishan (YM) boars. Litter, growth, carcass, and meat quality traits were 
compared among the offspring of these three lines. The HL average piglet birth weight 
was similar to that of the CL (1.33 kg and 1.32 kg, respectively) but significantly different 
from the LL (1.22 kg, P<.05). The average piglet 42 days weight of the HL was 1.40 kg 
and 1.68 kg heavier than the CL and the LL, respectively (P<.05). The adjusted tenth rib 
backfat thickness of these three lines were 26.07 mm for the HL, 27.29 mm for the CL, 
and 28.98 mm for the LL, while the average daily lean gain on test are 0.230 kg day'\ 
0.219 kg day'\ and 0.221 kg day'\ respectively. The HL possessed larger longissimus 
muscle areas (31.51 cm^) than the CL (29.15 cm^) and the LL (27.38 cm^). In addition, the 
HL averaged 0.58 higher in lean percentage than the CL and 1.07% higher than the LL. 
There were no significant differences among tiie three synthetic lines for meat quality traits 
except pH, where the HL had tiie lowest pH of 5.76, the CL was intermediate pH at 5.82, 
and the LL the highest at 5.95 (P<.05). The study also compared litter, carcass, and meat 
quality traits of the Yori<shire-Meishan combination (YM) witii the purebred Yori<shire (YY). 
The crossbreds were slightly higher in number of piglets bom than the purebreds, 12.75 
pigs to 12.14 pigs, respectively, but were lower in litter birth weight, 16.28 kg for the former 
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and 18.74 kg for the latter. The YM were 3.70 cm shorter In carcass length, 11.71 mm 
higher In tenth rib backfat thickness. 13.16 cm^ smaller in longissimus muscle area, and 
5.72% lower In lean percentage than the YY. The crossbreds, however, had higher 
longissimus muscle (3.27 vs. 2.94), marbling (3.23 vs. 2.31), and firmness scores (3.27 vs. 
2.72) than the purebred Yorkshires. Ail of the differences between the two groups for 
carcass and meat quality traits were significant (P<.05). 
Introduction 
The Yorkshire or Large White as it is called in many countries of the worid is known 
to be one of the premier breeds for producing female lines with superior maternal ability 
(Binadel and Legault, 1986; Gueblez et al., 1986, 1987; Christenson, 1993; Youngs et al., 
1993). Combination of the Yorkshire breed with another highly prolific breed can improve 
this characteristic even further (Yen et al., 1991; Christenson, 1993). Chinese breeds 
seem to be one of the breeds considered for this role. Among the Chinese breeds, the 
Meishan is reported to be the most prolific (Legault, 1985; Bolet et al., 1986; Bazer et al., 
1988; Ellendorf et al., 1988; Yun, 1988; Binadel etal., 1989; Haley and Lee, 1990; 
McLaren, 1990). But the Meishan breed has undesirable body composition (Gianola et al., 
1982; Legault et al., 1985). There should be no doubt that litter production of such a 
synthetic line comprised of these two breeds would be outstanding. The problem is that 
such a line may not satisfy both producers and consumers in terms of growth performance, 
carcass traits, and meat quality traits (Legault et al, 1985). Since improvement of these 
litter characters are still important selection objectives in most pig breeding programs, tiiey 
must be emphasized in the selection efforts in a plan using this synthetic line. American 
Yorkshire pigs which possess superior expected progeny differences (EPD) for adjusted 
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tenth rib badcfat thickness as well as number of piglets bom alive would seem to be a good 
choice for a maternal line base population. Moreover, average daily lean gain should be 
an important character in the selection criteria for produdng such a synthetic line. This 
approach would seem to be one possible program to utilize and exploit the advantages of 
the Chinese pig in the swine industry. 
The objectives of this study were: 1) to compare litter, growth, carcass, and meat 
quality traits of three synthetic lines; selected high lean gain line (HL), selected low lean 
gain line (LL), and randomly selected conti^ol line (CL), within a Yorkshire-Meishan 
crossbred composite and 2) to compare litter, growth, carcass, and meat quality traits of 
purebred American Yorkshire (YY), the crossbred of American Yoricshire and Chinese 
Meishan (YM), and the F2 inter se cross of the Yorkshire-Meishan combination (YM0). 
Materials and Methods 
Data description 
An experiment was conducted at the Iowa State University Bllsland Memorial 
Research Farm located near Madrid, Iowa to investigate the difference in litter, growth, 
carcass, and meat quality traits of three synthetic lines. The lines were high lean gain 
select line (HL), a low lean gain select line (LL), and a randomly selected control line (CL). 
The Chinese Meishan sows (M) were descendents of individuals imported from the 
Peoples' Republic of China in 1989 and were considered to be representative of the breed. 
American Yorkshire boars (Y) selected for using in the base population were selected for 
superior tenth rib backfat thickness and number piglets bom alive per litter. 
During the spring season of 1994, semen from six American Yori<shire boar was 
selected from two artificial insemination boar studs, Swine Genetics International Ltd., and 
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International Boar Semen / UPG, Inc., and used to randomly inseminate Meishan sows at 
the farm. Selection criteria for the Yoricshire boars emphasized high expected progeny 
differences (EPD) for adjusted tenth rib backfat thickness and number of piglets bom alive 
per litter. 
All breeding sows were housed during gestation in open-fronted buildings with 
concrete floored pens. As the expected date of farrowing approached, individual sows 
were moved to farrowing pens in an environmentally controlled building. At 3 to 7 days of 
litter age sows and their litters were transferred to individual open-fronted lactation pens 
with concrete floors and straw bedding. 
Piglets were weaned at approximately 42 days of age and then moved to growing 
pens. They were weighed off test on an individual basis at weekly intervals upon reaching 
a minimum weight of 105 kg. Ultrasonic scanning of live pig tenth rib backfat thickness and 
longissimus muscle area was conducted by an Iowa State University certified technician. 
An Aloka 500V (Corometrics Medical Systems, Wallingford, CT) real-time ultrasonic 
machine equipped with a 12.5 cm, 3.5 Mhz linear array transducer was used. The 
procedure of Moeller (1994) was used with animals suspended in a crate designed to 
reduce movement. A guide constructed of "superflab" (Mick Radio-Nuclear Instiuments, 
Inc., Bronx, NY) was used to permit the transducer to conform to the curvature of the pigs' 
back. A vegetable oil was placed on the pigs' back and the guide to improve conduction of 
sound from the transducer into Uie animals. Average daily lean gain (LADLGT) was 
calculated for each individual according to the formula described in Procedures to Evaluate 
Martlet Hogs (NPPC, 1991). The gilts were divided into three groups, CL, HL, LL, based 
on their records for LADLGT. Five boars were randomly selected to mate across these 
three lines. 
102 
The second generation offspring were raised in the same environment as their 
parents. Ultrasonic scanning was conducted when the animals weighed approximately 105 
kg. Some pigs were then transported to Storm Lake, Iowa and slaughtered at the IBP Inc., 
Packing Plant for carcass evaluation. Following a 24-hour chill, carcass measurements 
were obtained by an Iowa State University technidan. Standard carcass collection 
procedures, as described in Procedures to Evaluate Market Hogs (NPPC, 1991), were 
followed. 
Litter traits 
Litter traits evaluated in the synthetic line comparison included piglet birth weight 
(PBWT), adjusted 21-day piglet weight (AP21WT), adjusted 42-day piglet weight 
(AP42WT), and pre-weaning average daily gain (PREADG). 
Litter traits in the breed combination comparison included number total piglets bom 
(NB). adjusted number piglets bom alive (ANSA), litter birth weight (LBWT), piglet birth 
weight (PBWT), litter alive weight (LAWT), number piglets nursed at 21 days (N21), 
adjusted 21-day litter weight (AL21WT), adjusted 21-day piglet weight (AP21WT), number 
piglets weaned at 42 days (N42), adjusted 42-day litter weight (AL42WT), adjusted 42-day 
piglet weight (AP42WT), and pre-weaning average daily gain (PREADG). 
AL21WT and ANBA were calculated by using the formula recommended in 
Guidelines for Uniform Swine Improvement Programs (NSIF, 1987). 
AP21WT was calculated as 
AP21WT = (Act.WT»AWF)+[(Act.WT*ATF)+(Act.WT<'APF)]/L21WT 
where AP21WT = adjusted 21-day piglet weight, 
Act.WT = actual piglet weight taken between 14 and 28 days of age, 
AWF = age weighed adjustment factor. 
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ATF = adjustment factor for number of pigs after transfer, 
APF = adjustment factor for parity of nursing sow, and 
L21WT = total weight of litter of nursing sow. 
Adjustment factors used were those described in Guidelines for Uniform Swine 
Improvement Programs (NSIF, 1987). 
PREADG was calculated as 
PREADG = (AcLWWT-PBWT)/WAGE 
where PREADG = pre-weaning average daily gain, 
Act.WWT = actual weaning weight of piglet, 
PBWT = piglet birth weight, and 
WAGE = weaning age of piglet. 
AP42WT was calculated as 
AP42WT = PBVVT+(42»PREADG) 
where AP42WT = adjusted 42-day piglet weight, 
PBWT = piglet birth weight, and 
PREADG = pre-weaning average daily gain. 
AL42WT was calculated as 
AL42WT = [42»(Act.LWT-TBWT)]/WAGE+TBWT 
where AL42WT = adjusted 42-day litter weight, 
Act.LWT = actual total weight of litter at weaning, 
TBWT = total birth weight of piglets of nursing sow, and 
WAGE = weaning age of litter. 
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Growth traits 
Ultrasonic scanning was accomplished on the animals in both the first and the 
second generation. Five traits were used in this comparison; adjusted live pig tenth rib 
backfat thickness (ALBF10), adjusted live pig longissimus muscle area (ALLMA), average 
daily gain from wean to scan (LADG), adjusted age to 105 kg (L0105), and live pig daily 
lean gain on test (LADLGT). 
LADG was calculated as 
LADG = (SCWT-PWWT)/(SCAGE-WAGE) 
where LADG = average daily gain, 
SCWT = pig scanning weight. 
PWWT = pig weaning weight, 
SCAGE = age of pig at scan, and 
WAGE = age of pig at wean. 
The other traits In this category were measured according to the procedure 
described in Procedures to Evaluate Mari<et Hogs (NPPC, 1991) and were estimated by 
the equations recommended in Guidelines for Unifonn Swine improvement Programs 
(NSIF, 1987). Traits were adjusted to a 105 kg live weight basis. 
Carcass traits 
Carcass traits in this study Included average daily gain from weaning to slaughter 
(CADG), adjusted age to 105 kg (CD105), carcass yield (YIELD), carcass length 
(LENGTH), adjusted carcass last rib backfat thickness (ACLRBF), adjusted carcass last 
lumbar backfat thickness (ACLBBF), adjusted carcass tenth rib backfat thickness 
(ACBFIO), adjusted carcass longissimus muscle area (ACLMA), lean percentage (LP), 
average daily lean gain on test (CADLGT), and average daily lean gain of age (CADLGA). 
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CADG was calculated as 
CADG = (SLWT-PWWT)/(SLAGE-WAGE) 
where SADG = average daily gain from wean to slaughter, 
SLWT = pig slaughter weight, 
PWWT = pig weaning weight, 
SLAGE = age of pig at slaughter, and 
WAGE = age of pig at wean. 
Carcass yield was the ratio of carcass weight to live slaughter weight expressed as 
a percentage. 
The other traits measured on slaughter pigs according to the procedures described 
in Procedures to Evaluate Market Hogs (NPPC, 1991) and were estimated by using 
equations recommended in Guidelines for Uniform Swine Improvement Programs (NSIF, 
1987). Traits were adjusted to a 105 kg live weight basis. 
Meat quality traits 
Five meat quality traits were evaluated in the comparison of YY and YM® 
carcasses. These traits were longlssimus muscle marbling score (MARBLING), 
longissimus muscle color score (COLOR), longlssimus muscle fimnness score (FIRM), 
longlssimus muscle Minolta reflectance (MINOLTA), and longissimus muscle Minolta 
Hunter L Color (HUNTER). Two additional meat quality traits, longissimus muscle drip loss 
(DRIP) and longissimus muscle pH (pH), were included In the comparison of meat quality 
traits of the three synthetic lines. Distribution of pigs across traits and lines in the 
comparison among three synthetic lines was shown in Tablel. Table 2 showed distribution 
of pigs across traits and breed combinations in the comparison of the study traits among 
breed combinations. 
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Table 1. Distribution of pigs across traits' and lines' 
Traits LL CL HL Total 
Litter traits 
PBWT 148 117 143 408 
AP21WT 131 110 134 375 
AP42WT 129 109 134 372 
PREADG 129 109 134 372 
Growthtraits 106 96 109 311 
Carcass and meat quality traits" 13 13 15 41 
' See list of abbreviations. 
" All traits except pH (number of carcasses for pH data =10,12, 14 for line LL, CL, and HL, 
respectively). 
The method to evaluate MARBLING, COLOR, and FIRM are described in 
Procedures to Evaluate Mari<et Hogs (NPPC, 1991). The Minolta Chromameter DP310 
was used to estimate MINOLTA and HUNTER values. The pH meter HI 9025C was used 
to measure pH. DRIP was evaluated by a modified filter paper method described by 
Kauffmann et al. (1986). 
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Table 2. Distribution of pigs across traits" and breed combinafa'ons' 
Traits YM YM0 YY Total 
Litter traits (sow records) 
NB 17 32 22 71 
LBWT 17 32 22 71 
ANSA 16 32 22 70 
lAWT 16 32 22 70 
N21 15 32 20 67 
AL21WT 15 32 20 67 
NW 15 32 20 67 
AL42WT 15 32 20 67 
Litter traits (Individual records) 
PBWT 188 408 264 860 
AP21WT 154 382 187 723 
AP42WT 128 379 183 690 
PREADG 128 379 183 690 
Growth traits 72 311 - 383 
Carcass and meat quality traits - 41 32 73 
' See list of abbreviations. 
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Statistical analysis 
The General Linear Models (GLM) procedure of the Statistical Analysis System 
(SAS, 1995) was used to analyze the data. Data were analyzed by using several statistical 
models. The initial analysis of the data included main effects and all possible two-factor 
interactions of main effects. Non-significant effects and/or interactions were dropped from 
the initial models, until each ti^it had a unique final model that included only significant 
effects (P<.10). Least squares means for the various ti^its were calculated to provide 
comparisons of interest. 
Statistical models for comparison among different synthetic lines 
The basic model used to evaluate litter ti^its was: 
Model 1 Yijid = ^+Si+Dj+U+b(X-X)+Si»b(X-X)+Lk*b(X-X)+eijid 
where Yjjw = the observation of the i"" litter in tiie k"* synthetic line in the 
j"" sex of the l'" sire, 
b(X-X) 
Si 
Lk 
overall mean, 
fixed effect common to the i"* sire, 
fixed effect common to the j"" sex, 
fixed effect common to the k"* synthetic line, 
linear regression of Y on number of piglets in litter when 
the trait was evaluated, 
Si*b(X-X) = Interaction of the i"* sire and the linear regression of Y on 
number of piglets in litter when the tiait was evaluated, 
Lk*b(X-X) = Interaction of the k"* synthetic line and the linear 
regression of Y on number of piglets in litter when the ti"ait 
was evaluated, and 
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eijid = random residual error. 
The basic model used to evaluate growth traits was: 
Model 2 Yjjidm = n+Si+Dj+U+Ci+SDr,+DC]i+LCM+eijidm 
where Yijidm = the observation of the m"* animal in the 1*^ scanning group 
In the k'" synthetic line in the f sex of the i"' sire, 
^ = overall mean. 
Si = fixed effect common to the i*" sire, 
Dj = fixed effect common to the j"* sex, 
Lk = fixed effect common to the k"* synthetic line, 
Ci = fixed effect common to the l"* scanning group, 
SDij = interaction of the i*" sire and the j"* sex, 
DCji = interaction of the sex and the l"* scanning group, 
LCw = interaction of the k*** synthetic line and the l"* scanning 
group, and 
epm = random residual error. 
The basic model used to evaluate carcass traits was; 
Model 3 Yum = n+U+C,+b(X-X)+ew„ 
where Yum = the observation of the m"* animal in the l"* slaughter group 
in the k"* synthetic line, 
^ = overall mean, 
Lk = fixed effect common to the k"* synthetic line, 
Ct = fixed effect common to the l'" slaughter group, 
b(X-X) = linear regression of Y on pig slaughter weight, and 
ewm = random residual error. 
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The following basic model 4 was used to evaluate meat quality traits. 
Model 4 
where 
Ybn 
Ybn 
U 
eicm 
= fl+U+eian 
= the observation of the m"* animal in the k"* synthetic line, 
= overall mean, 
= fixed effect common to the k"* synthetic line, and 
= random residual error. 
Statistical models for comparison among different breed combinations 
The basic model used to evaluate litter traits was; 
Model 5 
where 
Yjjian 
Yjjjdjj 
V-
Mi 
Di 
Ale 
MDij 
b(X-X) 
Mi*b(X-X) 
eijkm 
|i.+Mj+Dj+Aic+MDij+b(X-X)+Mi*b(X-X)+eijion 
the observation of tine m"* piglet in tiie k*" season in tiie j"" 
sex in the i"* mating type, 
overall mean, 
fixed effect common to the i"* mating type, 
fixed effect common to tine j"" sex, 
fixed effect common to tine k"* season. 
Interaction of the i"* mating type and the j"* sex, 
linear regression of Y on number piglets in litter when the 
trait was evaluated, 
interaction of the i"' mating type and linear regression of 
number piglets in litter when tine ti^it was evaluated, and 
random residual error. 
The basic model used to evaluate growth ti^its was; 
Model 6 Yijici = |i+Mi+Dj+Siic+eijki 
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where YjjM = the observation of the i"* animal in the in the j"* sex of the 
k"* sire in the i"* mating type, 
^ = overall mean, 
Mi = fixed effect common to the i"* mating type, 
Dj = fixed effect common to the j"' sex, 
Sik = fixed effect common to the k"* sire in the i"* mating type, 
and 
eijid = random residual error. 
The basic model used to analyze carcass traits was: 
Model 7 Yiid = n+Mi+Ck+b(X-X)+eitd 
where Yiw = the observation of the l"* animal in the k"* slaughter group 
in the i'" mating type, 
H = overall mean. 
Mi = fixed effect common to the i"* mating type, 
Cit = fixed effect common to the k"* slaughter group, 
b(X-X) = linear regression of Y on slaughter weight, and 
eiiti = random residual error. 
The basic model used to evaluate meat quality traits was: 
Model 8 Yii = fi+Mi+en 
where Yh = the observation of the i'" animal in the i"* mating type, 
p. = overall mean, 
Mi = fixed effect common to the i*" mating type, and 
eii = random residual error. 
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Results and Discussion 
Comparison among different synthetic lines 
Utter trait analyses 
Least squares means and standard errors for litter traits of the three lines are 
shown in Table 3. The Dj»bp(-)Q interaction effect was included in the model for the 
analysis of LBWT. This is described as model 1.1 in the appendix 
The interaction of SOq was added In the basic model in the analysis of AL21WT 
(model 1.2 in the appendix). 
In the evaluation of AL42WT and PREADG, D,- and Lit*b(X-X) were excluded from 
the basic model. Moreover, three interaction effects, the linear regression of Y on weaning 
age, b2(X2-X2), the interaction Si^bzCXrXa), and the interaction of the two covariates, 
bib2(Xi-Xi)(XrX2), were added. The bi(Xi-Xi) was the regression of Y on number of 
piglets in the litter at 42 days. The model is shown as model 1.3 in the appendix. 
The CL and HL had similar average PBWT (1.32 and 1.33 kg, respectively) and 
were significantly heavier (P<.05) than that of LL (1.22 kg). At 21 days of age, HL weighed 
6.30 kg while CL weighed 5.72 kg and LL 5.57 kg. Significant differences (P<.05) were 
found for AL21 WT between LL and each of these other two groups. HL also averaged 
1.40 kg, significantly heavier (P<.05) than CL at 42 day of age, and averaged 1.68 kg 
significantly heavier (P<.05) than LL that same age. Average PREADG of HL was 
significantly higher (P<.05) than those of CL and LL. Kerr and Cameron (1994) observed 
litter traits of 1,220 Large White gilts selected for high, low, and control lean growth rate 
and reported that average PBWT of HL was 1.10 kg while those of CL and LL were the 
same, 1.30 kg. This difference was not significant. At a weaning age of 35 days, average 
piglets weight did not differ significantly among these lines, but LL tended to be heavier 
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Table 3. Least squares means and standard en'ors for litter traits' of three lines" 
Traits LL CL HL 
PBWT, kg 1.22 ±0.03'= 1.32 ±0.03" 1.33 ±0.02" 
AP21WT. kg 5.57 ±0.10" 5.72 ±0.10" 6.30 ±0.10'' 
AP42WT, kg 9.83 ±0.20" 10.11 ±0.21" 11.51 ±0.19'' 
PREADG, kg/day 0.205± 0.005" 0.209± 0.005" 0.240± 0.004 
" See list of abbreviations. 
Means within a row with different superscripts differ (P<.05). 
(8.4 kg) than HL (98.2 kg) and CL (8.1 kg). The researchers reported 1 pig more per litter 
at birth and 0.2 more pigs per litter at weaning from the HL group compared to LL Stem et 
al. (1995) investigated litter traits in Swedish Yorkshire gilts and barrows selected for high 
lean tissue growth rate (LTGR). They studied the performance of these animals fed with 
high or low protein diets and reported that the low protein diet treatment (LP) had PBWT 
average 1.33 kg, and weighed 5.96 kg at 3 week of age with the PREADG of 0.229 kg 
day'^ while the high protein diet treatment (HP) was 1.51 kg, 6.35 kg, and 0.242 kg day'\ 
respectively. Gaughan et al. (1995) studied litter perfomiance from 1,072 Large White 
sows. Using backfat depth, sows were categorized into three groups; L, 9 to 13 mm; M, 14 
to 16 mm; and F, > 17 mm. PBWT of L, M, and F sows were 1.51, 1.34, and 1.32 kg, 
respectively, with significant difference (P<.05) found between L and F sows. Average 
114 
piglets weaning weight of L, M, and F sows were 6.87,6.71, and 6.47 kg. respectively, with 
significant differences (P<.05) detected between F sows and each of the other groups. 
The results in the present study agreed with the results of these two research papers. 
Growth trait analyses 
Least squares means and standard errors for growth traits of three lines are 
reported in Table 4. The two interactions, SDo and DCji, were not significant for ALBF10, 
so they were dropped from the basic model. This is described In the appendix as model 
2.1. 
The model for evaluating ALLMA is shown as model 2.2 in the appendix. It was 
modified by dropping two interaction effects, SDij and LCh, from the basic model. 
All effects In the basic model in the evaluation of LD105 were Important (P<0.1). 
The model used to analyze LADLGT excluded the interaction effect, DCji, from the 
basic model. It is described as model 2.3 in the appendix. 
The linear regression of LADG on pig weaning weight, b(X-X), significantly affected 
LADG as did the Si*b(X-X) Interaction effect. They were added to the basic model while 
the LCki was dropped. This model is presented as model 2.4 in the appendix. 
The HL and LL grew at almost the same rate (0.583 kg day"^ and 0.591 kg day'\ 
respectively) but faster than the CL. A significant difference (P<.05) was found between 
CL and LL. The HL and LL reached 105 kg at almost the same age, 206.29 days for HL 
and 206.41 days for LL. values that resulted in them each being significantly different 
(P<.05) from the CL (214.07 days). The HL was superior for ALBF10 and ALLMA, while 
the LL was inferior and the CL was intermediate. ALBF10 of HL was significantly leaner 
(P<.05) than that of LL (26.07 vs 28.98 mm) while that of CL was 27.29 mm and not 
different from that of the selected lines. HL had 1.95 cm^ larger ALLMA (P<.05) than LL 
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Table 4. Least squares means and standard errors for growth traits' of three lines ' 
Traits LL CL HL 
ALBF10, mm 28.98 ±0.84'= 27.29 ±0.86'" 26.07 ±0.77" 
ALLMA, cm^ 30.46 ±0.40" 31.28 ±0.40" 32.41 ±0.38 = 
LD105. day 206.41 ±1.51'' 214.07 ±1.62" 206.29 ±1.45® 
LADLGT, kg/day 0.221± 0.003" 0.219± 0.003" 0.230± 0.003" 
LADG, kg/day 0.591 ±0.007*= 0.568± 0.006" 0.583± 0.006 
' See list of abbreviations. 
Means within a row with different superscripts differ (P<.05). 
and 1.13 cm^ larger (P<.05) than did CL. HL had the highest LADLGT (0.230 kg day*') 
followed by LL (0.221 kg day*') and CL (0.219 kg day"'). Differences (P<.05) between HL 
and each of the other two lines. Cameron and Curran (1994) studied growth traits of HL 
and LL of Large White and Landrace pigs. They reported the LADG of HL to be higher 
than that of LL in both Large White (0.889 vs 0.835 kg day*') and Landrace (0.935 vs 
0.834 kg day"') animals. Mid-backfat thickness was leaner in the HL than in the LL in both 
Large White (10.5 vs 13.4 mm) and Landrace (8.8 vs 10.5 mm) populations, however, no 
significant differences were reported. Cameron et al. (1994) also reported results of a 
similar study but in this case animals were maintained under a restricted feeding regime. 
They reported the LADG of HL, LL and CL to be 0.735, 0.681, and 0.719 kg day*', 
respectively, in a Large White population, and 0.715, 0.668, and 0.681 kg day*'. 
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respectively, found In a Landrace population. Mid-backfat depth of the three lines within 
the Large White breed were 11.6 mm from the HL, 14.4 mm from the LL, and 13.0 mm 
from the CL while within Landrace breed corresponding values were 8.4,10.6, and 9.7 mm 
for the HL, LL, and CL lines, respectively. Cameron and Curran (1995a) reported that the 
HL grew 8 g day"' faster than the CL and 54 g day"' faster than the LL In the Large White 
population, and grew 26 g day*^ faster tiian CL and 114 g day"^ faster than LL in the 
Landrace population. In the Yorkshire breed, mid-backfat deptii of tiie HL was 1.7 mm 
lower than that of the CL and 2.9 mm lower than tiiat of the LL while in Landrace breed, 
the HL was 1.8 mm lower than that of the CL and 2.3 mm lower tiian that of tiie LL. 
LADG of the tiiree lines in this study were lower than tiiose reported in tiie previous 
studies and tiie values ALBF10 higher than of tiiose reported previously. This is almost 
certain to be tiie influence of Chinese Meishan contilbution to tiie genetic makeup of the 
animals. The HL, however, tended to produce more favorable values for growtii traits than 
did the CL and LL. 
Carcass trait analyses 
Least squares means and standard errors for carcass traits of tiie three lines are 
shown in Table 5. The basic model was modified by adding the fixed effect common to tine 
i'^ sire, S„ the interaction effect SC,i, and the Si»b(X-X) interaction effect In the evaluation of 
CADG and YIELD, but in tiie analysis of CADG, the b(X-X) representing ttie linear 
regression of CADG on pig weaning weight was evaluated and this model is shown in the 
appendix as model 3.1. 
All effects in the basic model in the evaluation of LENGTH and CADLGT were 
important (P<0.1). The b(X-X) was the linear regression of CADLGT on pig weaning 
weight In the evaluation of CADLGT. 
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Table 5. Least squares means and standard errors for carcass traits" of three lines' 
Traits LL CL HL 
CADG, l<g/day 0.632± 0.016 0.601± 0.012 0.631± 0.016 
CD105. day 198.61 ±2.60'" 203.62 ±2.62" 195.05 ±2.70*= 
YIELD, % 73.70 ±0.62 74.36 ±0.80 74.46 ±0.79 
LENGTH, cm 79.24 ±0.81 79.61 ±0.83 79.09 ±0.81 
ACLRBF, mm 39.14 ±1.96 36.69 ±2.02 38.13 ±1.97 
ACLBBF, mm 43.14 ±1.98 41.23 ±2.04 40.02 ±1.99 
ACBF10, mm 36.86 ±1.83 38.89 ±1.83 36.85 ±1.70 
ACLMA, cm^ 27.38 ±1.01" 29.15 ±1.03"® 31.51 ±1.01" 
LP, % 42.93 ±1.05 43.42 ±1.05 44.00 ±0.97 
CADLGT, kg/day 0.141± 0.008'= 0.115± 0.008" 0.139± 0.008' 
CADLGA, kg/day 0.174± 0.005 0.161± 0.005 0.173± 0.005 
® See list of abbreviations. 
Means within a row with different superscripts differ (P<.05). 
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The linear regression, b(X-X), was dropped from the basic model in the evaluation 
of CD105. In addition, the Si effect was included in the model. This model is reported as 
model 3.2 in the appendix. 
Model 3.3 in the appendix was used to evaluate ACLRBF, ACLBBF, ACLMA, and 
CADLGA. It was the basic model without the linear regression b(X-5Q. 
Only the U effect was presented in the model used to analyze ACBF10 and LP. 
This model was reported in the appendix (model 3.4). 
The HL and the LL had similar CADG (0.631 and 0.632 kg day*^) and tended to 
grow faster than the CL (0.601 kg day*'). The HL reached 105 kg 3.56 days earlier than 
the LL and significantly 8.57 days earlier (P<.05) than the CL. These results were similar 
to previous results in the growth trait analyses. HL tended to have more favorable YIELD 
(74.46%), ACLBBF(40.02 mm), and LP (44.00%) than the LL (73.70%, 43.14 mm, and 
42.93%, respectively) while intermediate values were found for the CL (74.36%, 41.23 mm, 
43.42%, respectively). Unmh et al. (1996) reported no differences between high-lean 
genotype and medium-lean genotype carcasses for LP, however, the former tended to 
possess higher LP carcasses than the latter. 
The three lines had almost the same average LENGTH; 79.61 cm for CL, 79.24 cm 
for LL, and 79.09 cm for HL. The HL had intemnediate ACLRBF (38.13 mm) and was 
between the CL (36.69 mm) and the LL (39.14 mm), however, HL and LL had the same 
ACBF10 (36.9 mm) and hence leaner than the CL (38.89 mm). HL had significantly larger 
(P<.05) ACLMA (31.51 cm^) than those of the LL (27.38 cm^) and tended to be larger than 
those of the CL (29.15 cm^). The HL and the LL also had similar CADLGT and CADLGA 
but both are higher than those of the CL. Significant differences (P<.05) existed between 
CL and each of the two lines for CADLGT. Cameron and Curran (1995b) reported that the 
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lean tissue growth rate of the HL was 79 g day'^ higher than that of the LL when the 
animals were fed ad-libitum and 57 g day*^ faster when the pigs were restricted fed. They 
reported the average lean tissue growth rate of the control lines of the two treatments, full 
and restricted feeding, to be 0.491 kg day*' and 0.416 kg day'\ respectively. Their reports, 
however, showed higher mean lean tissue growth rates than those of this study. The result 
is likely the contribution of the Chinese Meishan breed in this study whose influence not 
only reduces growth rate but also increases carcass backfat thickness, and reduces 
longissimus muscle area and lean meat content, the major factors contributing to lean 
tissue growth rate. 
The results from this study indicated that the HL had carcass traits more favorable 
than the CL or LL but the differences were not significant. The Chinese Meishan produced 
poorer values of carcass characters compared to values from previous studies. 
Meat quality trait analyses 
Least squares means and standard errors for meat quality traits of the three lines 
are reported in Table 6. The basic model 4 was used in the analysis of FIRM, MARBLING, 
MINOLTA. HUNTER, and DRIP. 
To analyze COLOR, the fixed effect common to the i'" sire, Si, was added to the 
basic model. It is presented as model 4.1 in the appendix. 
The fixed effect common to the l"' slaughter group, Ci, was included to the basic 
model In the evaluation of pH. This model 4.2 is shown in the appendix. 
The HL carcasses had lower COLOR than those of CL and LL; 3.13, 3.25. and 
3.41. respectively. A similar trend was found for MARBLING, with the average MARBLING 
score of HL carcasses 2.87, that of CL carcasses 3.00, and that of LL carcasses 3.08. HL 
carcasses possessed the highest value for FIRM (3.27), followed by slightly lower values 
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Table 6. Least squares means and standard errors for meat quality traits " of three lines' 
Traits LL CL HL 
DRIP, g 0.415± 0.032 0.423± 0.030 0.350± 0.032 
COLOR, score 3.25 ±0.13 3.13 ±0.13 3.41 ±0.13 
MARBLING, score 3.00 ±0.15 2.87 ±0.14 3.08 ±0.15 
FIRM, score 3.23 ±0.15 3.27 ±0.14 3.23 ±0.15 
MINOLTA, % 21.52 ±0.69 20.71 ±0.64 20.65 ±0.69 
HUNTER, % 46.30 ±0.77 45.44 ±0.71 45.23 ±0.77 
PH 5.82 ±0.06'" 5.76 ±0.06" 5.95 ±0.06" 
' See list of abbreviations. 
^ Means within a row with different superscripts differ (P<.05). 
for CL and LL (both 3.23). 
Unruh et al. (1996) reported medium-lean genotype (MLG) carcasses to have more 
(P<.01) MARBLING but similar COLOR and FIRM compared to carcasses of a high-lean 
genotype (HLG). In the present study, MINOLTA and HUNTER values did not differ among 
these three lines. The degree of paleness as measured by MINOLTA was similar for 
carcasses of the LL and HL and both were less pale than the CL with mean values of 
20.65, 20.71, and 21.52%, respectively, for the LL, HL, and CL. HUNTER values showed 
a similar trend ranging from 45.23% for LL to 45.44% for HL and 46.30% for CL. Unruh et 
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al. (1996) reported non-slgnlficant differences in HUNTER values in a comparison of HLG 
and MLG carcasses. 
There were no differences for DRIP among the three lines, but the highest values 
were found from HL carcasses (0.423 g), the lowest LL (0.350 g), and CL was intermediate 
(0.415%). Similar results were reported by Unruh et al. (1996) who obsen^ed moisture 
exudate of HLG and MLG carcasses. A significant difference was found for the pH 
difference between HL and LL carcasses (5.76 and 5.95, respectively). The pH of CL 
carcasses was intermediate (5.82). Unruh et al. (1996) reported no difference in muscle 
pH between HLG and MLG populations. 
The results of this study indicated that selected for high lean gain line may produce 
some deterioration of meat quality traits. 
Comparison among different breed combinations 
Utter trait analyses 
Least squares means and standard en'ors for litter traits of different breed 
combinations are shown in Table 7. Model 5.1 in the appendix was used to analyze NB, 
ANBA, N21 and NW. Only the Mj effect remained in the basic model because other 
sources of variation considered had no significant effects on these traits. 
Model 5.2 was used to evaluate LBWT, LAWT, and AL21WT. It was modified by 
adding the linear regression b(X-X) to model 5.1. This model appeared as model 5.2 in the 
appendix. 
Ak was dropped from the basic model for the analysis PBWT. This is model 5.3 in 
the appendix. 
The linear regression b(X-X) and its interaction, Mi»b(X-X), were excluded from the 
basic model used to evaluate AP21WT. This model 5.4 presented in the appendix. 
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Table 7. Least squares means and standard errors for litter traits" of different breed 
combinations' 
Traits YM YM® YY 
Litter traits (sow records) 
NB, pigs 11.06 ±0.72 12.75 ±0.53 12.14 ±0.64 
LBWT, kg 14.54 ±0.60" 16.28 ±0.44° 18.74 ±0.52"^ 
ANSA, pigs 10.77 ±0.74" 14.09 ±0.52® 12.51 ±0.63"° 
LAWT, kg 14.37 ±0.60" 15.91 ±0.43'= 18.14 ± 0.51" 
N21. pigs 10.27 ±0.56" 11.94 ±0.39° 8.75 ±0.49" 
AL21WT. kg 52.86 ±2.19" 68.10 ±1.63° 63.81 ±2.10° 
NW, pigs 8.53 ±0.61" 11.84 ±0.42° 8.55 ±0.53" 
AL42WT, kg 105.48 ±4.57 114.07 ±3.37 112.29 ±4.03 
Litter traits (Individual records) 
PBWT, kg 1.21 ±0.02" 1.35 ±0.02° 1.52 ±0.02" 
AP21WT. kg 5.19 ±0.16" 6.03 ±0.21° 6.49 ±0.15" 
AP42WT, kg 11.39 ±1.64" 11.95 ±7.56" 14.47 ±7.55° 
PREADG, kg/day 0.244± 0.037' 0.252± 0.170' 0.315± 0.170' 
' See list of abbreviations. 
Means within a row with different superscripts differ (P<.05). 
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Model 5.5 In the appendix was used to analyze AL42WT. Two additional effects, 
b2(XrX2) and bib2(Xi-Xi)(XrX2), were added to model 5.2. The bi(Xi-Xi) refers to the 
linear regression of AL42WT on number of piglets weaned, the b2(XrX2) is the linear 
regression of AL42WT on weaning age, and bib2(XrXi)(X2-X2) is the interaction between 
these two linear regressions. 
AP42WT and PREADG were evaluated by using model 5.6 in the appendix. Some 
additional effects were added to the basic model. These were the effects common to tiie l"* 
parity, Pi, linear regression of weaning age, b2(XrX2), and the interaction effects of DAjn, 
DRj,, Ak*bi(X,-Xi), Ak*b2(X2-X2). and P,*b,(XrX,). 
The NB of Meishan (MS) dams (11.06 pigs) was less than Yorkshire (YY) dams 
(12.14 pigs) and crossbred (YM) dams (12.75 pigs), however, tiie differences were not 
significant. When litters were adjusted in ANBA, tiie YM had significantiy larger (P<.05) 
litter (14.09 pigs) than those of MS (10.77 pigs) and YY had Intermediate ANBA (12.51 
pigs). This may have been Influenced by parity and heterosis of tiie dam effects. The MS 
dams were quite old, most of ranging in parity between 5 to 7, tine YY dams were in parities 
2 and 3, and all the YM females were gilts. Bazer et al. (1988) investigated reproductive 
traits of Large White (LW), MS, and MS x LW dams. They reported average NB to be 
12.4, 15.6, and 16.0 pigs per litter and average number piglets bom alive per litter (NBA) to 
be 11.5,14.5, and 15.2 pigs, respectively for LW, MS, and MS x LW. Haley etal. (1990) 
reported NBA of LW dams In purebred production, MS dams in crossbred production and 
LW X MS in backcross production to be 10.2,13,1, and 13.0 pigs, respectively. Lee et al. 
(1994) studied females whose left ovary and uterine horn were removed in the post-
pubertal period. They reported NBA of LW, MS, and LW x MS to be 6.0, 7.0, and 8.2 pigs. 
124 
respectively. AH these results, including the present study, indicate crossbred dams 
produce more piglets than the purebreds contributing in the crosses. 
YM females were superior for N21 and NW raising 11.94 pigs and 11.84 pigs per 
litter to those ages while MS sows raised only 10.27 pigs and 8.53 pigs to these ages, and 
YY females raised 8.75 pigs and 8.55 pigs to these ages, respectively. Significant 
differences (P<.05) were found among these three groups for N21and also between the 
crossbred and each of the other two groups for NW. These results indicated that survival 
rate of purebred YY was similar to that of the YM piglets which could have had the 
favorable effect of heterosis. LBWT of YY was 4.20 kg heavier (P<.05) than that of YM 
production and 2.46 kg significantly heavier (P<.05) than that of the inter se mated (YM®) 
group. Similar results were found for LAWT and PBWT. Haley et al. (1990) reported 
LBWT of LW purebreds, LW x MS, and LW x MS backcrosses to be 13.7, 13.1, and 16.0 
kg, respectively, and PBWT of these three groups to be 1.13, 0.98, and 1.24 kg, 
respectively. Lee et al. (1994) reported LBWT of 7.22, 5.47, and 7.79 kg from the removed 
left ovary and uterine hom populations of LW, MS, and LW x MS sows, respectively. 
AL21WT of YM pigs averaged 52.89 kg, a value 15.24 kg lower (P<.05) than that of 
inter se mated and 10.95 kg lower (P<.05) than that of YY. A similar trend was found for 
AL42WT but the difference only approached significance. Average individual piglet weight 
of YY was heavier (P<.05) than that of YM0 pigs (6.49 vs 6.03 kg) at 21 day of age and 
heavier (P<.05) than that of YM pigs (6.49 vs 5.19). AP21WT of YM0 was also 
significantly greater than that of YM. Similar results were found for AP42WT and 
PREADG. YY pigs were significantly different from each of the other two combinations for 
these traits as well (Table 7). 
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Results from this study reveal the superiority of the YM0 population for litter traits, 
but for individual pig weights and pre-weaning growth rate, purebred YY performed the 
best 
Growth trait analyses 
Least squares means and standard errors for growth traits of the different breed 
combinations are shown in Table 8. The basic model 6 was used to analyze ALBF10 and 
LADLGT. 
The Siic effect was dropped from the basic model in the evaluation of ALLMA. The 
new model 6.1 is shown in the appendix. 
Model 6.2 in the appendix was used to analyze L0105. It was modified by adding 
the interaction effect, MDij, to model 6.1. 
LADG was evaluated by using model 6.3. The linear regression of LADG on 
weaning weight, b(X-X), was included in the basic model. This new model is described in 
the appendix. 
The YM® animals were significantly leaner measuring 3.43 mm less ALBF10 than 
YM pigs. A significant difference (P<.05) was found between the YM0 and YM groups for 
ALLMA (31.29 and 27.91 cm^, respectively). LADLGT of YM0 (0.229 kg day'^) was also 
higher (P<.05) than that of YM (0.219 kg day"'). Although no difference was found for 
LADG between these two combinations, the YM group reached 105 kg significantly sooner 
than YM0. Because the LADG was similar between these groups, the age difference at 
contribution. However, the YM pigs have 100% of expected potential by heterosis while 
the inter se group has an expected heterosis of 50% of maximum. There was also greater 
variation and a smaller sample size of the YM group than the YM0. Large standard errors 
accompanied the growth traits of YM, especially that of LD105. Yen et al. (1991) reported 
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Table 8. Least squares means and standard errors for growth traits' of different breed 
combinations' 
Traits YM YM® 
ALBF10, mm 31.31 ±0.96" 27.88 ±0.40® 
ALLMA, cm^ 27.91 ±0.42" 31.29 ±0.19" 
LD105, day 186.64 ±7.19" 201.33 ±1.39" 
LADLGT, kg/day 0.219± 0.005" 0.229± 0.002" 
LADG, kg/day 0.596± 0.012 0.608± 0.005 
® See list of abbreviations. 
Means within a row with different superscripts differ (P<.05). 
LADG of MS X Large White composite crossbreds to be 0.730 kg day"^ and Young (1992) 
obsen/ed growth traits of the same breed combinations and reported that LADG of gilts to 
be 0.724 kg day'^ and that of barrows to be 0.798 kg day'V Average backfat thickness at 
99.7 kg was 26.87 mm and average age at 99.7 kg was 181 days. The breeding design of 
these previous studies was different from the present study, however, Meishan-sired 
animals seemed to perform more favorably for growth traits than Meishan-dammed pigs. 
Carcass trait analyses 
Least squares means and standard enors for carcass traits of different breed 
combinations are shown in Table 9. The b(X-X) effect was dropped from the basic model 
in the analyses of ACLRBF, ACLMA, CD105, and CADLGA. The resulting model (7.1) is 
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Table 9. Least squares means and standard errors for carcass traits' of different breed 
combinations' 
Traits YM0 YY 
CADG, kg/day 0.58310.016" 0.687± 0.011® 
GDI 05, day 208.06 
CO (O C
O
 +1 183.27 ±2.44° 
YIELD, % 73.27 ±0.66" 75.05 ±0.48'' 
LENGTH, cm 79.56 ±0.40" 83.26 ±0.45" 
ACLRBF, mm 37.41 ±1.90" 27.74 ±1.39" 
ACLBBF, mm 45.68 ±2.33" 29.50 ±1.40" 
ACBF10, mm 37.50 ±0.93" 25.79 ±1.05" 
ACLMA, cm2 26.04 ±1.60" 39.20 ±1.17" 
LP, % 42.26 ±0.93" 47.98 ±0.70" 
CADLGT, kg/day 0.115± 0.010" 0.245± 0.007" 
CADLGA, kg/day 0.151± 0.006" 0.229± 0.004'' 
' See list of abbreviations. 
Means within a row witli different superscripts differ (P<.05). 
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shown in the appendix. 
Model 7.2 shown in the appendix was used to evaluate ACLBBF. This model 
included an additional fixed effect common to the j'" sex, D,-. to model 7.1. 
All effects but Mi were dropped from the basic model in the analysis of ACBF10. 
The new model 7.3 is shown in the appendix. 
Model 7.4 in the appendix was used to evaluate LP. This model was modified by 
adding the D,- effect to model 7.3. 
The interaction of mating type and linear regression of YIELD on slaughter weight, 
Mi»b(X-)Q, was included to the basic model in the analysis of YIELD. It is described as 
model 7.5 in the appendix. 
LENGTH was evaluated by using model 7.6. This model was modified from the 
basic model by dropping the Cn effect. 
All effects in the basic model in the evaluation of CADG and CADLGT were 
important (P<0.1). But, here the b(X-X) is the linear regression of Y on pig weaning weight 
instead of the linear regression of Y on pig slaughter weight. 
Significant differences between purebred YY and inter se-aossed YM carcasses 
were found for all carcass traits. YY pigs grew 0.140 kg day*^ faster to slaughter weight, 
required 24.79 days fewer to reach 105 kg for CD105, were 1.78% higher in yielding, 3.70 
cm longer, 9.67 mm leaner at the last rib backfat, 16.18 mm leaner at the last lumbar 
backfat, 11.71 mm leaner at the tenth rib backfat, 13.16 cm^ larger in LMA, 5.72% higher in 
LP, produced 0.130 kg day'^ higher CADLGT, and 0.078 kg day'^ higher CADLGA than 
those of YM® carcasses. McLaren (1990) summarized the results from Legault et al. 
(1985) and reported that crossbred carcasses produced from Belgian Landrace sires and 
French Landrace x Large White dams had significantly (P<.05) more favorable for 
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LENGTH, and backfat thickness than crossbred carcasses produced from one-half 
Meishan dams mated to Belgian Landrace boars. No difference, however, was found for 
YIELD between these groups. Lan et al. (1993) compared YM and YY for carcass traits. 
They reported no difference found for LENGTH and ACLBBF between these two groups. 
Additionally, YY carcasses were significantly leaner at both the last rib (ACLRBF=2.62 cm), 
and lO"* rib (ACBF10=3.43 cm), and produced larger ACLMA (28.84 cm^) than YM (3.05 
cm, 4.04 cm, and 23.16 cm^ for the three traits, respectively) However, only ten carcasses 
for each breed were used in their study. 
These results indicated that both one-half and one-quarter Meishan pigs are inferior 
for all carcass traits when compared to modem white breeds. 
Meat quality trait analyses 
Least squares means and standard errors of meat quality traits of different breed 
combinations are reported in Table 10. All effects in the basic model in the evaluation of 
COLOR. FIRM, MINOLTA, HUNTER were important (P<0.1). 
The fixed effect common to the j"* sex. Dj, was added to the basic model in the 
evaluation of MARBLING. This is model 8.1 shown in the appendix. 
Significant differences (P<.05) were found in the comparison between YM® and YY 
for COLOR (3.27 vs 2.94), MARBLING (3.23 vs 2.31), FIRM (3.24 vs 2.72), MINOLTA 
(20.95 vs 25.84%), and HUNTER (45.64 vs 50.51%). Lan et al. (1993) reported the same 
average COLOR (2.00) was found in both YM and YY carcasses. FIRM and MARBLING in 
the present study, however, were significantly different between the groups. YM had 
superior FIRM (2.00) and MARBLING (2.10) when compared to that of YY (1.80 and 1.90, 
respectively). These results indicated that the YM combination produces carcasses 
superior for meat quality ti-aits compared to the purebred YY. 
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Table 10. Least squares means and standard errors for meat quality traits" of different 
breed combinations' 
Traits YM0 YY 
COLOR, score 3.27 ±0.07" 2.94 ±0.08'' 
MARBLING, score 3.23 + 0.13" 2.31 ±0.09'= 
FIRM, score 3.24 ±0.09" 2.72 ±0.11'= 
MINOLTA, % 20.95 ±0.55" 25.84 ±0.62° 
HUNTER, % 45.64 ±0.56" 50.51 ±0.63*= 
^ See list of abbreviations. 
Means within a row with different superscripts differ (P<.05). 
Implications 
Selecting for lean growth in synthetic lines involving the Chinese breeds may be a 
approach in commercial swine production. Whereas, the Meishan breed in combination 
with conventional breeds produces very prolific animals and superior meat quality 
characteristics, growth rate is poor and carcass traits are unacceptable. Overall, there is 
an opportunity to introduce Meishan germplasm into modem swine production for the 
purpose of genetic improvement. However, only if selection for leanness and rate of 
growth in lines involving the Meishan is intense and of long duration Is this approach likely 
to be effective. 
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Appendix 
Model 1.1 Y^m = n+Si+Di+U+b(X-X)+Si*b(X-X)+Dj*b(X-X)+U»b(X-5Q+eiiM 
where Yp = the LBWT of the l'" litter in the k"* synthetic line in the j"' 
sex of the i'" sire, 
H = overall mean. 
Si = fixed effect common to the i"* sire, 
Dj = fixed effect common to the j"* sex, 
U = fixed effect common to the k'" synthetic line, 
b(X-X) = linear regression of Y on number of piglets bom. 
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Si*b(X-X) 
Di»b(X-X) 
U*b(X-X) 
eiju 
Model 1.2 YijM 
where Yqm 
Si 
Di 
U 
SDij 
b(X-X) 
Si*b(X-X) 
Lk^b(X-X) 
eijid 
ModeM.3 YM 
Interaction of the sire and the linear regression of Y on 
number of piglets bom, 
Interaction of the j"* sex and the linear regression of Y on 
number of piglets bom, 
Interaction of the k"* synthetic line and the linear 
regression of Y on number of piglets bom, and 
random residual error. 
fi+Si+Dj+U+SDij+b(X-^+Si*b(X-X)+U*b(X-^+ep 
the AL21WT of the l"" litter in the k"* synthetic line in the j"* 
sex of the i"* sire, 
overall mean, 
fixed effect common to the i"* sire, 
fixed effect common to the j"* sex, 
fixed effect common to the k'" synthetic line. 
Interaction of the i'" sire and the j"* sex, 
linear regression of Y on number of piglets at 21 days. 
Interaction of the i"* sire and the linear regression of Y on 
number of piglets at 21 days. 
Interaction of the k"* synthetic line and the linear 
regression of Y on number of piglets at 21 days, and 
random residual error. 
H+Si+U+b,(Xi-Xi)+b2(XrX2)+Si»bi(Xi-Xi)+Si*b2(X2-X2)+ 
bi b2(Xi-Xi )(X2-X2)+eiid 
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Ym = the observation of the I* litter in the k"* synthetic line of the 
i*" sire, 
^ = overall mean. 
Si = fixed effect common to the i*^ sire, 
U = fixed effect common to the k"* synthetic line, 
bi(Xi-Xi) = linear regression of Y on number of piglets weaned, 
b2(XrX2) = linear regression of Y on weaning age, 
Si«bi(Xi-Xi) = Interaction of the i"* sire and the linear regression of Y on 
number of piglets weaned, 
Sj»b2(X2-X2) = Interaction of the i"* sire and the linear regression of Y on 
weaning age, 
bib2(Xi-Xi)(XrX2) = interaction of the linear regression of numbers of piglets 
weaned and linear regression of weaning age, and 
CiM = random residual error. 
YijWm = n+Si+Dj+U+Ci+LCid+eijidm 
Ypm = the ALBF10 of the m"* animal In the l'" scanning group in 
the k"* synthetic line In the j"* sex of the i"* sire, 
H, = overall mean, 
Si = fixed effect common to the i"* sire, 
Dj = fixed effect common to the sex, 
U = fixed effect common to the k"' synthetic line, 
Ct = fixed effect common to the l'" scanning group, 
LCki = interaction of the k*" synthetic line and the l"* scanning 
group, and 
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eijwm = random residual error. 
Model 2.2 Yipdm = ji+Si+Dj+U+Ci+DCji+epm 
where YijHm = the ALLMA of the m"* animal in the l"* scanning group in 
the k*" synthetic line in the j"* sex of the i*" sire, 
^ = overall mean. 
Si = fixed effect common to the i"* sire, 
Dj = fixed effect common to the f sex, 
U = fixed effect common to the k"* synthetic line, 
Ci = fixed effect common to the l"* scanning group, 
DCji = interaction of the j"* sex and the l"* scanning group, and 
Bijidni = random residual error. 
Model 2.3 Ypm = p.+Si+Dj+U+Ci+SDij+LCid+ei]idm 
where Yijwm = the LADLGT of the m'^ animal in the l"* scanning group in 
the k'" synthetic line in the j"* sex of the i"* sire, 
p, = overall mean, 
Si = fixed effect common to the i*" sire, 
Dj = fixed effect common to the j"" sex, 
U = fixed effect common to the k"* synthetic line, 
Ci = fixed effect common to the l'" scanning group, 
SDij = interaction of the i'" sire and the j"* sex, 
LCid = interaction of the k"* synthetic line and the l"* scanning 
group, and 
Bijidm = random residual error. 
Model 2.4 Yjjium = |i.+Si+Dj+Lk+Ci+SDij+DCji+b(X-X)+Si»b(X-X)+eiiidm 
where Ypm 
Si 
Di 
U 
C, 
SDii 
DCj, 
b(X-X) 
Si*b(X-X) 
Sijklm 
Model 3.1 Yiwm 
where Yium 
Si 
Lk 
C, 
Gi 
SCi, 
b(X-X) 
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the LADG of the m"* animal in the I*" scanning group in the 
k"* synthetic line in the j"* sex of the i"* sire, 
overall mean, 
fixed effect common to the i"* sire, 
fixed effect common to the j"* sex, 
fixed effect common to the k*" synthetic line, 
fixed effect common to the I*" scanning group, 
interaction of the i"* sire and tiie j'" sex, 
interaction of the j"* sex and the l"* scanning group, 
linear regression of Y on weaning weight 
interaction of the i"* sire and tiie linear regression of Y on 
weaning weight, and 
random residual error. 
|i.+Si+Lit+Ci+SCii+b(X-X)+Si*b(X-X)+eiidm 
the observation of the m"* animal In tiie l"* slaughter group 
In the k"' synthetic line of tiie i"* sire, 
overall mean, 
fixed effect common to the i'" sire, 
fixed effect common to the k"* syntiietic line, 
fixed effect common to the l"* slaughter group, 
fixed effect common to the j"* genotype. 
Interaction of the i'" sire and tiie l"* slaughter group, 
linear regression of Y on weaning weight or slaughter 
weight. 
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Si^ b(X-X) = interaction of the i'" sire and the linear regression of Y on 
weaning weight or slaughter weight, and 
eiidm = random residual error. 
Model 3.2 YiMm = ^+Si+U+Ci+endm 
where Yndm = the CD105 of the m'" animal in the I*" slaughter group in 
the k"' synthetic line of the i"* sire, 
ix = overall mean. 
Si = fixed effect common to the i"* sire, 
U = fixed effect common to the k"* synthetic line, 
Ci = fixed effect common to the l"" slaughter group, and 
eiium = random residual error. 
Model 3.3 Yum = |J.+Lk+Ci+ekim 
where Yum = the observation of tiie m"* animal in the l"* slaughter group 
in the k'" synthetic line, 
H = overall mean, 
U = fixed effect common to the k"* synthetic line, 
Ci = fixed effect common to the l'" slaughter group, and 
eidm = random residual error. 
Model 3.4 Ybn = ^+Lk+ekm 
where Ybn = the observation of the m'" animal in the k"* synthetic line, 
p. = overall mean, 
U = fixed effect common to the k'" synthetic line, and 
eian = random residual error. 
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fl+Si+U+eiion 
the observation of the m"* animal in the k*" synthetic line 
of the i"* sire. 
overall mean, 
fixed effect common to the l"* sire, 
fixed effect common to the k*" synthetic line, and 
random residual error. 
p,+Lk+Ci+ei(im 
the pH of the m"* animal In the l"" slaughter group in the k"* 
synthetic line, 
overall mean, 
fixed effect common to the k*" synthetic line, 
fixed effect common to the l"* slaughter group, and 
random residual error. 
|i+Mi+eim 
the observation of the m'" litter in the i*" mating type, 
overall mean, 
fixed effect common to the i"' mating type, and 
random residual error. 
H+Mi+b(X-X)+ei„ 
the observation of the m"* litter in the i"* mating type, 
overall mean, 
fixed effect common to the i"* mating type. 
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b(X-X) = linear regression of Y on number of piglets in litter when 
the traits was evaluated, and 
eim = random residual error. 
Model 5.3 Yij„ = n+Mi+Dj+MDij+bp(-X)+Mi»b(X-^+eij„ 
where Yjjm = the PBWT of the m"* piglet in the j"* sex in the i"* mating 
type. 
\i = overall mean, 
Mi = fixed effect common to the i"* mating type, 
Dj = fixed effect common to the j"* sex, 
MDij = interaction of the i"* mating type and the j"* sex, 
b(X-X) = linear regression of Y on number piglets in litter when the 
trait was evaluated, 
Mi»b(X-X) = interaction of the i"* mating type and linear regression of 
number piglets in litter when the trait was evaluated, and 
eijm = random residual error. 
Model 5.4 Yijia„ = p.+Mi+Dj+Ait+MDij+eqbn 
where Yijum = the AP21WT of the m'" piglet in the in the k"* season in 
the j"* sex in the i"* mating type, 
H = overall mean. 
Mi = fixed effect common to the i"* mating type, 
Dj = fixed effect common to the j'" sex, 
Ale = fixed effect common to the k"* season, 
MDij = interaction of the i'" mating type and the j"' sex, and 
= random residual error. 
141 
Model 5.5 Yim = n+Mi+bi(Xi-Xi)+b2(X2-X2)+bib2(Xi-Xi)(X2-X2)+eini 
where Yi,„ = the AL42WT of the m"'litter In the i"" mating type, 
^ = overall mean. 
Mi = fixed effect common to the i"* mating type, 
bi(Xi-Xi) = linear regression of Y on number of piglets weaned, 
b2(XrX2) = linear regression of Y on weaning age, 
bib2(Xi-Xi)(X2-X2) = interaction of the linear regression of Y on number 
piglets weaned and linear regression of Y on litter 
weaning age, and 
eim = random residual error. 
Model 5.6 Yjjidm = |x+Mi+Dj+Ak+Pi+MDij+DAjic+DPji+bi(Xi-Xi)+b2{X2-X2)+ 
Mj*bi(X,-X,)+Ak*bi(X,-X,)+Ak*b2(X2-X2)+Pi*b,(XrXi)+ei,w„, 
where YijMm = the AP42WT of the m'" piglet in the l"* parity in the k"" 
season in the j'" sex in the i'" mating type, 
= overall mean, 
Mi = fixed effect common to the i"* mating type, 
Dj = fixed effect common to the j'" sex, 
Aic = fixed effect common to the k"* season, 
Pi = fixed effect common to the l'" parity, 
MDij = interaction of the i'" mating type and the j'" sex, 
DAjit = interaction of the j"* sex and the k"* season, 
DPji = interaction of the j'*" sex and the l"* parity, 
bi(XrXi) = linear regression of Y on number piglets weaned, 
b2(X2-X2) = linear regression of Y on weaning age. 
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eijidin 
Model 6.1 Yij, 
where Yjji 
Mi 
Dj 
®ijl 
Yn. 
Y^. 
Mi 
Di 
Model 6.2 
where 
Mi*bi(Xi-Xi) = interaction of the i*^ mating type and the linear regression 
of Y on number piglets weaned, 
Ak*bi(Xi-Xi) = interaction of the season and the linear regression of 
Y on number piglets weaned, 
Ak*b2(XrX2) = interaction of the k"* season and the linear regression of 
Y on weaning age, 
Pi»bi(Xi-Xi) = interaction of the l"* parity and the linear regression of Y 
on number piglets weaned, and 
= random residual error. 
= n+Mi+Dj+eiji 
= the ALLMA of the l"* animal in the in the j*" sex in the i"* 
mating type, 
= overall mean, 
= fixed effect common to the i"* mating type, 
= fixed effect common to the j"* sex, and 
= random residual error. 
= n+Mi+Dj+MDij+eiji 
= the LD105 of the!'" animal in the in the j"* sex in the i"* 
mating type, 
= overall mean, 
= fixed effect common to the l"' mating type, 
= fixed effect common to the j'" sex, 
MDjj = Interaction of the i"* mating type and the j"* sex, and 
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random residual en'or. 
^+Mi+Dj+Sik+b(X-X)+eijld 
the U\DG of the l'" animal in the in the j"* sex of the k"* sire 
in the i"* mating type, 
overall mean, 
fixed effect common to the i"* mating type, 
fixed effect common to the j*" sex, 
fixed effect common to the k"' sire in the i*" mating type, 
linear regression of Y on weaning weight, and 
random residual error. 
H.+Mi+Ck+eii(j 
the observation of the l"* animal in the k"* slaughter group 
in the i'" mating type, 
overall mean, 
fixed effect common to the i*" mating type, 
fixed effect common to tiie k'" slaughter group, and 
random residual error. 
(i+Mj+Dj+Cit+eiju 
the ACLBBF of the l'" animal in the k"* slaughter group in 
the j'" sex in Uie i'" mating type, 
overall mean, 
fixed effect common to tiie i"* mating type, 
fixed effect common to the i"* sex. 
Ck 
ep 
Model 7.3 Yi, 
where Yn 
Mi 
©n 
Model 7.4 Yij, 
where Yr,i 
Mi 
Dj 
©ijl 
Model 7.5 Yiu 
where Yiw 
Mi 
C. 
b(X-X) 
Mi»bi(Xi-Xi) 
eiid 
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fixed effect common to the k"" slaughter group, and 
random residual error. 
ti+Mi+eii 
the ACBF10 of the 1"^ animal in the i"* mating type, 
overall mean, 
fixed effect common to the i"* mating type, and 
random residual error. 
^+Mi+Dj+eiji 
the LP of the l'" animal in the j"" sex in the i"* mating type, 
overall mean, 
fixed effect common to the i"* mating type, 
fixed effect common to the i"* sex, and 
random residual error. 
ti+Mi+Cic+b(X-X)+Mi*b(X-X)+eiid 
the YIELD of the l'" animal in the k'" slaughter group in the 
i'" mating type, 
overall mean, 
fixed effect common to the i"" mating type, 
fixed effect common to the k"* slaughter group, 
linear regression of Yon pig slaughter weight, and 
interaction of the i'^ mating type and the linear regression 
of Y on pig slaughter weight, and 
random residual error. 
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Model 7.6 Ya = H+Mi+b(X-X)+ea 
where Yh = the LENGTH of the!"" animal in the i"* mating type. 
H = overall mean, 
Mi = fixed effect common to the i"* mating type, 
bpC-5Q = linear regression of Y on pig slaughter weight, and 
en = random residual error. 
Model 8.1 Yjji = p.+Mi+Dj+eiji 
where Yiji = the MARBLING of the l"* animal in the j"* sex in the i"* 
mating type, 
H = overall mean. 
Mi = fixed effect common to the i*" mating type, 
Dj = fixed effect common to the i"* sex, and 
eiji = random residual error. 
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ESTIMATES OF GENETIC PARAMETERS FOR MATERNAL AND GROWTH TRAITS OF 
SWINE BREEDS RAISED IN THAILAND 
A paper to be submitted to the 
Journal of Animal Science 
S. Ravungsook, L L Christian, and W. Ning 
Absti^ct 
Heritabilities (h^) and genetic correlations (rg) of number total piglets bom per litter 
(NB), number piglets bom alive per litter (NBA), litter bom alive weight (LAWT), litter 
weaning weight (LWWT), average daily gain (LADG), adjusted live pig tenth rib backfat 
thickness (ALBF10), adjusted live pig longissimus muscle area (ALLMA), adjusted age to 
105 kg (LD105), lean percentage (LP), live pig daily lean gain (LADLGT), and actual live 
pig body length (LBL) were estimated from data obtained from the purebred farm 
production of a commercial company located in the central part of Thailand. Records from 
1,795 Landrace sows, 2,318 Yoricshire sows, 555 Duroc sows, and 14,831 growing pigs of 
the three breeds were included in these data. The Multiple Trait Derivative-Free Restricted 
Maximum Likelihood (MTDFREML) procedure was used for these analyses. Estimates of 
h^ for NB were 0.02, 0.13, and 0.04 in Landrace, Yorkshire, and Duroc, respectively, while 
estimates these of NBA were 0.02 in Landrace, 0.11 in Yorkshire, and 0.02 in Duroc. The 
rg between these two ti-aits were 0.56, 0.97, and 0.72 in Landrace, Yori^shire, and Duroc, 
respectively. The average h^ estimates of LADG, ALBF10, ALLMA, LD105, LP, LADLGT 
and LBL were 0.70, 0.50, 0.54, 0.65, 0.71, 0.52, and 0.44, respectively. ALBF10 and 
ALLMA negatively con-elated genetically with all other ti-aits except LADG. The rg between 
LP and LADLGT was 0.23 while those between LADLGT and LADG, and between 
LADLGT and LD105 were 0.69 and -0.92, respectively. 
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Introduction 
The swine industry Is one of the most important livestock enterprises in Thailand 
and of some other tropical countries in Southeast Asia (Steane eta!., 1994). Maricet 
demand in Thailand and most other Asian countries is extremely strong for pork with low 
fat content and high lean meat composition. In order to produce the product this market 
demands, breeding stock can be selected from countries where these characters 
mentioned above have been progressively improved (Yu et al., 1994). European countries, 
especially those in the northenn part of the continent such as Norway and Denmark, have 
implemented breeding strategies emphasizing these characteristics (Sehested, 1994) for a 
long period of time. Hence pori< producers in the Asian countries have imported a large 
number of breeding stock from northem European sources. Many of these animals, 
however, can not survive or express the maximum limit of their genetic potential because 
of differences in environmental conditions between their birthplace and the country to 
which they have migrated (Yu et al., 1994). Though these pigs seem to adapt to their new 
environment after one or more generations, there is no guarantee that their performance 
will be as good as their new owners expected. In order to improve the traits of interest to 
Asian producers, indicators of the genetic capabilities of these stocks should be evaluated 
and used in developing producers' breeding programs. Genetic parameters, heritability (h^) 
and genetic correlations (rg), are two of these indicators that play a major role in designing 
genetic improvement programs, such as in the construction of the classical selection index 
(Hazel, 1943; Bereskin and Steele, 1988). Knowledge of these parameters would be 
beneficial to the producers importing these animals in order for them to know the genetic 
potential of the stock, and to improve the environmental management in order to allow the 
animals to express the performance predicted by their ancestor's records. 
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The objectives of this study were: 1) to estimate h^ and Cg of litter traits of purebred 
Landrace, Yorkshire, and Duroc populations that have originated from the northern 
European countries, but raised under the tropical environment of Thailand, and 2) to 
estimate h^ and rg of growth traits of purebred animals produced from tiiese three pure 
breeds. 
Materials and Metiiods 
Data description 
The data in this study were obtained from one of the parental breeding stock farms 
of the Bangkok Agro-lndustiial Products Public Co. Ltd., located in the central part of 
Thailand. Two data sets were used in this study. The first data set was the sow litter 
records collected between the period of 1990 and 1995 from 1,795 Landrace; 2,318 
Yorkshire; and 555 Duroc sows. These sows were bred to 110, 126, and 66 different sires, 
respectively, of tine three breeds. The distribution of these data are shown In Table 1. The 
second set was collected between 1992 and 1994, representing individual growth ti-aits of 
14,831 animals farrowed from 1,783 sows and sired by 223 boars. The distiibution of 
these data are shown in Table 2. The breeding stock of tiiese three breeds were imported 
from Norway, Northem Ireland, England, and Denmark beginning in 1990. Purebred 
multiplication proceeded by random mating within each population except for attempts to 
avoid or minimize Inbreeding. 
All breeding sows were maintained during gestation in individual crates in opened 
sided houses equipped with total slatted floor. They were moved to farrowing houses one 
week before tiie expected farrowing date. Farrowing crates had metal slatted floor in the 
piglet portion of the crate and a piece of concrete slatted floor in the sow (middle) section 
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Table 1. Distribution of sows, records, average number of records per sow, service sires, 
sires of sows, and dam of sows by breed 
Landrace Yorkshire Duroc 
sows 1,795 2,318 555 
records 2,808 3,358 938 
records per sow 1.56 1.45 1.69 
service sires 110 126 66 
sires of sows 230 239 79 
dam of sows 533 560 189 
Table 2. Distribution of pigs, sires, dams, pigs per sire, and pigs per dam by breed 
Landrace Yorlcshire Duroc total 
pigs 5,927 5,866 3,038 14,831 
sires 78 89 56 223 
dams 757 755 271 1,783 
pigs/sire 75.99 65.91 54.25 66.51 
pigs/dam 7.83 7.77 11.21 8.32 
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of the unit The farrowing houses had manually operated curtains on each side. The 
piglets were weaned at approximate 23 days and moved to nursery houses. Piglets of the 
same nursing sow were fed in the same slatted floor pen. They were fed manually a full 
feed at least 4 times a day. The nursery houses were also open-sided with curtains 
installed in the same manner as the farrowing houses. When the piglets reached 9 weeks 
of age, they were transferred to the grow-finishing houses. They were then placed in pens 
of 16 pigs with an allowance of 0.90 m^ of finishing space per pig. Floors in the finishing 
houses were totally slatted. Pigs were placed on test when a group averaged 20.0 kg. Full 
feeding was applied during the testing stage. They were weighed off-test at weekly 
intervals upon reaching 22 weeks of age. An Aioka 500V (Corometrics Medical Systems, 
Wallingford, CT) real-time ultrasonic machine was used to scan the pigs. A guide 
constructed of "superflab" (Mick Radio-Nuclear Instruments, Inc., Bronx, NY) was used to 
permit the transducer to conform to the curvature of the pigs' back. A vegetable oil was 
placed on the pigs' back and the guide to improve conduction of sound from the transducer 
into the animals (Moller, 1994). The pigs were retained and then body length was 
measured from the poll along the central line to the anterior edge of the tail. All selected 
animals were transferred to individual crates and developed to become the future breeding 
stock of the farm. 
Litter traits in this study included number of total piglets bom per litter (NB), number 
piglets bom alive per litter (NBA), litter weight bom alive (LAWT), and litter weaning weight 
(LWWT). 
Ultrasonic scanning was conducted at the end of the growing period. Seven traits 
were measured or calculated in this study. These traits were average dally gain from the 
period of 9 weeks of age to 22 weeks of age (LADG), adjusted live pig tenth rib backfat 
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thickness (ALBF10), adjusted live pig longisslmus muscle area (ALLMA), adjusted age to 
105 kg (LD105), lean percentage (LP), live pig dally lean gain on test (LADLGT), and 
actual body length (LBL). 
LAOG was calculated as 
LADG 
where LADG = 
scwr 
STWT 
SCAGE 
STAGE 
(SCWT-STWT)/(SCAGE-STAGE) 
average dally gain, 
= pig scanning weight, 
= pig starting weight at approximately 9 weeks old, 
= pig scanning age, and 
= pig starting age at approximately 9 weeks old. 
The other traits except LBL were measured according to the procedures described 
in Procedures to Evaluate Market Hogs (NPPC, 1991) and were computed from equations 
recommended in Guidelines for Unifonn Swine Improvement Programs (NSIF, 1987). 
ALBF10 and ALLMA were adjusted to a 100 kg live body weight basis. 
Statistical analvsis 
The Multivariate Analysis of Covariance (MANOVA) procedure of the Statisti'cal 
Analysis System (SAS, 1991) was used in the preliminary analysis. Significant effects 
(P<.05) were included in the models. The data were then analyzed by using the full model 
described as: 
y = Xb+Zu+e 
where y = vector of phenotypic performance values of the animal, 
X = incident matrix for fixed effects related to the phenotypic 
performance values, 
b = unknown vector of fixed effects associated with records in y, 
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Z = Incident matrix for random effects related to the phenotypic 
performance values, 
u = unknown vector of random animal effects assodated with 
records in and 
e = vector of random residual effects. 
Multiple Trait Derivative Free Restricted Maximum Likelihood (MTDFREML) 
procedure was used in the analysis (Boldman et al., 1993). The relationships matrix 
included in the animal model accounted for the known (co)variance associations that exited 
among additive breeding values of all animals evaluated. The addition of the relationship 
matrix allowed for more precise estimation of fixed effects Included in the model (Wiggans 
etal., 1988). 
A four ti^it analysis was evaluated within breed In tiie estimation of (co)variance 
components of litter traits. Since there was some limitation on computer capadti'es and 
time constraints, all seven growth traits could not be included in tiie same analysis. 
Instead, all possible combinations of two ti^its analysis were analyzed across breeds and 
sexes. A total of 2,808 records from 1,795 Landrace sows, 3,358 records from 2,318 
Yori<shlre sows, and 938 records from 555 Duroc sows were used in the litter traits 
analysis. The number of base animals in tiiese three groups were 1409, 1620, and 527 
animals, respectively. In tiie evaluation of growtii ti^its, a total of 14,831 animals farrowed 
from 1,783 different dams and 223 different sires with the number of 16,310 base animals 
were used. 
The dlstiibuti'ons of records by ti^it and parity for each breed, Landrace, Yorkshire, 
and Duroc, are shown in Table 6, Table 7, and Table 8 in the appendix, respectively. 
Season as defined as summer, rainy season and winter. Summer starts with March and 
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extends through June, rainy season starts with July and lasts with October, and the 
remaining months of the year are considered winter. The distribution of records by season 
for each breed, Landrace, Yorkshire, and Duroc, were reported in Table 9, Table 10, and 
Table 11 in the appendix, respectively. 
All traits were evaluated to the recommended convergence (l.e®) for the variance 
of simplex function (Boldman et al., 1993). When necessary "cold restarting" was 
accomplished for all models by using the (co)variance components from the previous 
results. Convergence to a global maximum was determined when two successive cold 
restarts yielded the same (co)variances and the -2 log likelihood of simplex function did not 
change in the first two decimal positions. (Boldman et al., 1993). 
Results and Discussion 
Estimates of genetic parameters for litter traits 
Means and standard errors of litter traits by parity of Landrace, Yori<shire, and 
Duroc sows are shown in Tables 9,10, and 11 in the appendix, respectively. Means and 
standard errors of litter traits by season of three breeds are reported in Tables 12,13, and 
14 in the appendix, respectively. 
The preliminary results from the MANOVA showed that all effects considered 
needed to be included in the models. The fixed effects of year-season and parity, and 
random effects of animal, service sire, repeated record, and maternal effects were included 
in the models for all litter traits. The covariate of weaning age, in addition, was included in 
the evaluation of LWWT within the Duroc and Yorkshire breeds. Yu et al. (1994) 
investigated breeding stock maintained under the same environment and reported NBA 
was highly significantiy affected (P<.01) by parity, year-season, and breed. 
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Heritability estimates and genetic and phenotypic correlations for litter traits of trie 
three breeds are shown in Table 3. Heritability estimates for NB of the Landrace, 
Yori<shire, and Duroc breeds were 0.02, 0.13, and 0.04, respectively, while those of NBA of 
these three breeds were 0.02,0.11, and 0.02, in respective order. Yorkshires possessed 
the highest h^ estimate for LAWT (0.11) among these three breeds, and those of Landrace 
and Duroc were almost the same values (0.04 and 0.03, respectively). The h^ estimates 
for LWWT of Yorkshires and Durocs were both 0.05 while that of Landrace was slightly 
lower (0.03). 
Lamberson (1990) summarized h^ for NB from several studies and reported 
average h^ to be 0.10 with ranges from -0.06 to 0.47 and average h^ of NBA to be 0.07 
ranging from -0.07 to 0.66. Rothschild (1996) reported the same value of average h^ for 
NB and a range from 0 to 0.76 and the same value of average h^ for NBA with a range 
from 0 to 0.66. Heritability estimates in this study are lower than the averages for this trait 
from previous reports, particulariy estimates for Landraces and Durocs, however, the 
estimates fall within tiie reported ranges. The breed differences in these estimates were 
similar to those reported by Ferguson et al. (1985). They found higher estimate values for 
Yorkshires than for Durocs (0.24 vs 0.05 for NB, and 0.21 vs 0.04 for NBA). Pumfrey et al. 
(1980) estimated h^ for NB and NBA from Uie Nebraska Gene Pool and found high 
estimates (0.47 and 0.44, respectively). Lamberson et al. (1985), however, reported 
realized h^ from the same population to be only 0.10 for NB. Fen^ and Johnson (1993) 
observed h^ of NBA of Landrace and Large Whites within two different herds. Estimated h^ 
of Landrace was higher than that of Large White (0.11 vs 0) in the first herd, contrast, the 
h^ estimates were found to be 0 and 0.10 for the Landrace and Large White populations in 
the second herd. Short et al. (1994) reported h^ estimates for NB in two PIC dam lines in 
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Table 3. Heritability estimates and genetic and phenotypic correlations' for litter traits'* of 
three breeds 
Trait NB NBA LAWT LWWT 
Landrace 
NB 0.02 0.56 -0.38 -0.31 
NBA 0.84 0.02 -0.08 0.49 
LAWT 0.70 0.89 0.04 0.70 
LWWT 0.05 0.09 0.14 0.03 
Yorkshire 
NB 0.13 0.97 0.64 0.41 
NBA 0.88 0.11 0.72 0.41 
LAWT 0.75 0.89 0.11 0.51 
LWWT 0.06 0.06 0.14 0.05 
Duroc 
NB 0.04 0.72 0.15 0.70 
NBA 0.85 0.02 0.19 0.79 
LAWT 0.74 0.89 0.03 0.73 
LWWT 0.07 0.09 0.10 0.05 
® Heritabilities on the diagonal, genetic con-elations above the diagonal, and phenotypic 
con-elations below the diagonal. 
" See list of abbreviations. 
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the same fami to be 0.08 and 0.14 when repeated records were included and to be 0.12 
and 0.06 when only first parity records were used. A lower estimate of h^ of NBA (0.14) 
was found for a model that included direct additive genetic and sow pennanent 
environmental effects than from a model that included only a direct additive genetic effect 
(0.03) (Ferraz and Johnson, 1993). Roehe and Kennedy (1995) used tiie REML procedure 
(univariate analysis) to estimate genetic parameters and found similar results. They 
estimated h^ for NB and NBA witiiin parity, first to fourth, and witiiin the Yorkshire and 
Landrace breeds. The estimated h^ for NB of Yori<shire ranging from 0.098 to 0.110 when 
estimated from direct additive genetic variances and ranging from 0.001 to 0.020 when 
maternal genetic variances were used. In tine Landrace breed, h^ estimates for NB ranging 
from 0.119 to 0.164 when estimated by the former model and ranging from 0.001 to 0.009 
when estimated by tiie latter model (Roehe and Kennedy, 1995). Similar results were 
found in the estimation of h^ for NBA, i.e., higher estimated h^ from a model tiiat included 
direct additive genetic effects tinan those from model including maternal effects. The same 
researchers, however, used the MTDFREML to estimate h^ for NB and NBA from the same 
population and reported tile estimated h^ for NB to be 0.105 and 0.116 for the Yoriohire 
and Landrace breeds, respectively. Stalder (1995) estimated h^ for ANBA by using three 
different adjusted methods. He reported values ranging 0.04 to 0.06 when estimates were 
from additive genetic variances, and values ranging from 0 to 0.01 when estimated from 
maternal genetic variances. Similar results were reported by Kaplon et al. (1991). 
Additionally, Stalder (1995) reported estimated h^ of adjusted number piglets at 21 day 
ranging from 0.21 to 0.32 by using the former calculation and ranging from 0.04 to 0.08 by 
using the latter calculation. 
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The animal models in this study included both additive genetic and maternal effects. 
The h^ estimates for NB and NBA, however, differed between those of Yorkshire and those 
of the other two breeds, but agreed with tiie results of previous studies. A large number of 
records of Yorkshire when compared to those of the remaining two breeds, particularly 
number of sows (Tablel), is expected to be a factor contributing to the different results in 
this study. 
Lamberson (1990) summarized several studies and reported average h^ estimates 
of LAWT to be 0.29 and a range of estimates from 0 to 0.54. The average values of h^ for 
21 day litter weight was 0.15 and values ranged from 0.07 to 0.38. Ferraz and Johnson 
(1993) reported similar values of h^ for LAWT in Landrace and Large White of 0.21 and 
0.19, respectively, in one herd, but a second herd estimates were tiiree fold higher in 
Landrace tiian in Large Whites (0.18 vs 0.06). The same researchers reported the h^ of 
LAWT to be 0.22 when only direct genetic effect was presented in the model and 0.18 
when a maternal effect was included. Stalder (1995) reported h^ estimates ranging from 
0.14 to 0.21 for adjusted 21 day litter weight using three different methods of parity 
adjustinent when direct additive genetic variances were used and values ranging from 0.03 
to 0.05 when using maternal genetic variances. 
The h^ estimates of LAWT in this study were similar to those values estimated for 
NB and NBA. The h^ estimate of LAWT of Yorkshire breed was not different from those 
reported in the literature but estimates of this trait in the Duroc and Landrace breeds 
tended to be lower than those of other studies, but still fell within the range summarized by 
Lamberson (1990). This is influenced by the same factor mentioned previously, small 
sample sizes in the Landrace and Duroc populations. 
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Heritability estimates for LWWT were almost the same values in the three breeds 
studied here but lower than those estimated by other research studies. Management is 
considered a major factor influencing these estimates, because the sows within each breed 
were allowed to nurse the same number of piglets. Some sows of good health and milking 
ability, however, were occasionally allowed to nurse more piglets later. Similar average 
litter weaning weights within parity of each breed, particularly those of Landrace (TableS), 
were found. 
High Tp (>0.40) within each breed were found between NB and NBA, NB and LAWT, 
NBA and LAWT, while low rp (<0.20) within each breed were found between LWWT and 
each of the three study traits. Estimated rg between NB and NBA were 0.56, 0.97, and 
0.72 in the Landrace, Yorkshire, and Duroc breeds, respectively. These rg estimates were 
lower than the phenotypic values except within Yorkshires. Estimated rg between NB and 
LAWT, and NB and LWWT were 0.64 and 0.41, respectively, in Yorkshires, 0.15 and 0.70, 
respectively, in Durocs, and -0.38 and -0.31, respectively, in Landrace. A negative rg 
(-0.08) was found between NBA and LBWT in Landrace, while those in Yorkshires and 
Durocs were 0.72 and 0.19, respectively. High rg estimates, in fact, higher tiian tineir 
corresponding rp, were found between LWWT and NBA, and between LWWT and LAWT 
in all three breeds. This difference was particularly large in the Duroc breed (Table 3). 
Lamberson (1990) and Rothschild (1996) reported the same rp and rg between NB 
and NBA (0.91) in their summary of several studies. Roehe and Kennedy (1995) reported 
Tg between NB and NBA to be as high as 0.973 in Yorkshires and 0.967 in the Landrace 
breed. Lamberson (1990) and Rotinschild (1996) reported rp between NB and LAWT and 
NB and L21WT to be 0.77 and 0.49, respectively. Higher rp estimates were found between 
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NBA and LAWT (0.81), between NBA and I^IWT (0.57) compared to those estimates 
between NB and each of the two litter weights (Lamberson, 1990; Rothschild, 1996). 
The Cp estimates in tiiis study, excepted for those of between LWWT and each of 
the other ti^its, were similar to those reported by most studies. Piglet management as 
previously described was the major factor influendng estimated rp and r^ between LAWT 
and tiie other traits of study. Negative rg estimates between NB and LAWT, NB and 
LWWT, NBA and LAWT of Landrace breed seemed to be unusual. These Landrace sows, 
in fact, Norwegian Landrace, farrowed smaller average litters at birth but heavier average 
litter birtii weights in their second parities than in their first parity (Table 12 in the appendix). 
The data from these second parities contributed about 23% of the total number of records 
(Table 6 in tiie appendix). 
From a management point of view, each imported breed probably needed a slightiy 
different management protocol. The management procedures followed by producers in tiie 
native country of each breed in most cases could not be applied in tiieir new environment 
In addition, lack of experience witin tinese new breeds and in some cases new facilities, 
may have resulted in some decrease in the animal perfonnance. The results in tiiis study 
showed that estimated genetic parameters, particulariy those of Yori^shire, fall within tiie 
range of previous studies. Two major factors affecting tiie accuracy of estimation were 
number of animals involved in the analysis and environmental management 
Estimates of aenetic parameters for growth traits 
The fixed effects of breed and year-season were included in all growth ti^it models. 
The effect of sex was included in all growth trait models except tiie models for evaluation 
LP and l_ADLGT. All growtin ti^it models included tine random effect of animal and tiie 
covariate of scanning weight Weight at testing was used as a covariate in the models of 
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LADG, LD105, and LBL, and age attesting was used in the models of ALBF10, LP, and 
LADLGT. The covariates of actual badcfat thickness and actual longissimus muscle area 
were included in the models for evaluation of LP and LADLGT. 
Distribution of pigs (and percent of total), means and standard errors of growth 
traits by breed are shown in Table 4 and distribution of pigs (and percent of total), means 
and standard errors of growth traits by sex, and season are shown in Tables 17 and 18 in 
the appendix, respectively. Average heritabilify estimates of and genetic and phenotypic 
con-elations among growth traits are shown in Table 5. 
Results from MTDFREML showed estimates of h^ for LADG ranging from 0.62 to 
0.72 with an average of 0.70. The average h^ estimates for ALBF10, ALLMA, LD105, LP, 
LADLGT, and LBL were 0.50, 0.54, 0.65, 0.71, 0.52, and 0.44, respectively, and ranged 
from 0.49 to 0.50, 0.53 to 0.55, 0.54 to 0.68, 0.70 to 0.73, 0.51 to 0.53, and 0.42 to 0.45, in 
respective order. 
Average h^ of L^DG in this study was higher than most previous literature 
estimates. Stewart and Schinckel (1990) summarized numerous research papers and 
reported an average h^ estimate for this trait of 0.30. Biswas et al. (1966), however, 
reported the average h^ estimate for LADG of Yorkshire, Duroc, and crossbred to be 0.77. 
Zeeck (1968) estimated h^ of U\DG from a Landrace population to be 0.60. Estimated 
heritabilities of Landrace and Large Black pigs were reported to be 0.81 and 0.80 for 
animals produced in 1965 and 1971, respectively (Siller et al., 1975). Moeller (1994) used 
the MTDFREML animal model to estimate h^ of LADG from records of 1,120 pigs and 
found an estimate of 0.66. An estimated as high as 0.71 for this ti^it by the dam 
component method was reported by the NPPC (1995). 
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Table 4. Distribution of pigs (and percent of total), means and standard errors of growth 
traits" by breed 
Traits Landrace Yorkshire Duroc Total 
N, pigs (%) 5,927 (39.96) 5,866 (39.55) 3,038 (20.49) 14,831 (100.00) 
LADG, kg/day 0.734± 0.001 0.713± 0.001 0.681± 0.002 0.715± 0.001 
ALBF10, cm 1.29 ±0.00 1.33 ±0.00 1.35 ±0.01 1.32 ±0.00 
ALLMA, cm^ 37.93 ±0.09 39.34 ±0.09 40.67 ±0.14 39.05 ±0.06 
LD105, day 166.90 ±0.29 171.79 ±0.19 182.60 ±0.27 172.05 ±0.13 
LP, % 55.64 ±0.04 56.37 ±0.04 56.87 ±0.05 56.18 ±0.02 
LADLGT, kg/day 0.338± 0.000 0.334± 0.000 0.331± 0.001 0.335± 0.000 
LBL", cm 112.53 ±0.11 108.49 ±0.12 101.91 ±0.13 108.83 ±0.09 
® See list of abbreviations. 
" Average from 2,050 records of Landrace; 1,674 records of Yorkshire; 1,018 records of 
Duroc; and 4,742 records in total. 
Table 5. Heritability estimates of and genetic and phenotypic correlations" among growth traits'" 
Trait LADG ALBF10 ALLMA LD105 LP LADLGT LBL 
LADG 0.70 (0.62-0.72) 0.03 0.06 -0.71 -0.11 0.69 -0.17 
ALBF10 0.03 0.50 (0.49-0.50) -0.08 -0.09 -0.02 -0.33 •0.06 
ALLMA 0.05 -0.11 0.54 (0.53-0.55) -0.06 -0.36 -0.40 -0.29 
LD105 -0.66 -0.03 -0.04 0.65 (0.54-0.68) 0.08 -0.92 0.26 
LP -0.08 -0.06 -0.29 0.07 0.71 (0.70-0.73) 0.23 0.12 
LADLGT 0.71 -0.36 -0.41 -0.88 0.17 0.52 (0.51-0.53) -0.22 
LBL -0.14 -0.01 -0.07 0.14 0.03 -0.16 0.44 (0.42-0.45) 
° Average heritability estimates (minimum and maximum values) on diagonal, genetic correlations above the diagonal, and 
phenotypic correlations below the diagonal. 
'' See list of abbreviations. 
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Stewart and Schinckei (1990) reported the average h^ estimate of backfat thickness 
to be 0.41. See (1994) estimated h^ of this trait from 21,877 Duroc records from 11 herds 
by DFREML procedure and found values ranging from 0.46 to 0.73 with an average value 
of 0.48. Goodwin (1994) reported h^ estimate for carcass backfat thickness by 
MTDFREML procedure to be 0.72. An estimated h^ of ALBF10 by the same methodology 
was reported to be 0.87 (Moeller, 1994). The NPPC (1995) also reported a h^ estimate of 
carcass backfat thickness by the animal model method of 0.46. The estimated h^ for 
ALBF10 in this study (0.50) falls within the range of values produced by these previous 
studies. 
Average h^ estimates of carcass longissimus muscle area (CLMA) was reported to 
be 0.47 by Stewart and Schinckei (1990). Goodwin (1994) reported the h^ estimated by 
MTDFREML procedure to be 0.76 and the NPPC (1995) reported the h^ of this trait to be 
0.48 by the same estimation procedure. These studies, however, estimated h^ of carcass 
longissimus muscle area. Moeller (1994) estimated h^ measured on the live animal 
(ALLMA) by the MTDFREML procedure and reported an estimate of 0.71. The estimated 
of ALLMA in this study falls within the range of those from previous reports. 
Kuhlers and Jungst (1983) reported the h^ estimate of LD105 to be 0.79, while 
Stewart and Schinckei (1990) summarized several studies and reported an average h^ 
estimate of 0.25. A high value of h^ for LD105 (0.91) was reported by Moeller (1994). The 
NPPC (1995) reported the h^ estimate of this trait to be 0.57. The average h^ estimate 
found in this study (0.65) is consistent with literature estimates. 
Stewart and Schinckei (1990) reported the average h^ estimate of carcass lean 
percent from several studies to be 0.48. The NPPC (1995) reported estimated h^ of 
carcass lean percent to be 0.35, 0.69, and 0.52 when estimated by sire component, dam 
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component, and mid-parent component, respectively. The present study estimated h^ of 
ultrasonic lean percent of live pigs to be 0.71, a value higher than that reported by Stewart 
and Schinckel (1990) in their summary. 
Estimated h^ of LADLGT by four different methods, sire component, dam « 
component, mid-parent component, and animal model were 0.36, 0.58, 0.47, and 0.48, 
respectively in the NPPC (1995) study. The value from this study of 0.52 is within the 
range of these estimates. 
LBL had a high h^ estimate (0.40) which indicates that improvement of this trait can 
be made by selection. Length, most studies has been measured only on the carcass. 
Stewart and Schinckel (1990) summarized several studies of h^ estimates for carcass 
lengtii and reported an average of 0.56. Goodwin (1994) estimated the h^ of this trait to be 
0.75 and tine NPPC (1995) reported values of 0.37, 0.76, 0.56, and 0.52 when estimated 
by sire component, dam component, mid-parent component, and animal model, 
respectively. 
Estimated pp and rg between LADG and ALBF10 of this study were found to be of 
tiie same magnitude (0.03). Similar results were reported by Stewart and Schinckel 
(1990). They reported the average of fp and rg from previous studies to be 0.20 and 0.22, 
respectively, while Moeller (1994) reported the same magnitude of environmental 
correlation (re) and pg between tiiese ti-aits (0.07). Bereskin and Steele (1988), however, 
reported a small negative rg (-0.03) and positive pp (0.23) between LADG and backfat 
thickness. Goodwin (1994) also reported rathep similar values of Pe and pg between LADG 
and capcass backfat thickness of -0.04 and 0.33, respectively. 
Bereskin and Steele (1988) found a high Pg between LADG and CLMA of 0.43 but 
Pp, in conti-ast, was -0.22. Low Pg and Pp between these traits were reported by Stewart and 
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Schinckel (1990) (-0.10 and -0.06, respectively). Similar results were reported by Moeller 
(1994). His estimates of rg and r, between LADG and ALLMA were -0.04 and 0.09, 
respectively. Low correlations were also found in the present study (ro'0.06 and rp=0.05). 
High negative rp between LADG and LD105 was found in the summary by Stewart 
and Schinckel (1990) (-0.90) and in this study (-0.66). These studies, however, report 
similar results for the rg between LADG and LD105. The rg estimate of Stewart and 
Schinckel (1990), the estimated rg of Moeller (1994) and that of this study were -0.93, 
-0.88, and -0.71, respectively. 
The rp between LADG and LP was higher (less negative) than rg in this study (-0.08 
vs -0.11, respectively). Stewart and Schinckel (1990) reported the average estimated rg 
and rp between LADG and carcass lean percent to be -0.11 and -0.15, respectively. 
Bereskin and Steele (1988) reported rp and Tg estimates of high magnitude between 
LADG and lean cut growth rate (0.80 and 0.86, respectively). Similar results were found in 
this report with that rp between L^DG and LADLGT 0.71 and the rg between these two trait 
0.69. 
A negative rp between backfat and CLMA was reported by Bereskin and Steele 
(1988) and Stewart and Schinckel (1990) (-0.36 and -0.28, respectively) and the estimated 
Tg between these two traits was 0.38 and -0.35, respectively, in the two studies. Goodwin 
(1994) reported estimated re between these two traits to be higher (less negative) than rg 
(-0.16 vs -0.57). Moeller (1994), however, found a positive re and a negative rg between 
ALBF10 and ALLMA (0.25 and -0.50) in his study. In the present study found estimated of 
the rg and rp between these two ti^its were -0.08 and -0.11, respectively, and witiiin the 
range of literature estimates. 
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Kuhlers and Jungst (1983) reported the Cp between backfat and days to 100 kg to 
be -0.08, -0.03, -0.13, and -0.10 in Yorkshire, Landrace, Duroc, and Hampshire pigs, 
respectively. The summary of Stewart and Schinckel (1990) indicated the rg and Cp 
between backfat and LD105 to be of similar magnitude (-0.20 and -0.18, respectively). 
Moeller (1994), however, found a high environment but low genetic relationship between 
ALBF10 and LD105 (-0.43 and 0.05, respectively). The rg and rp estimates of low 
magnitude between AIBF10 and LD105 were found in this study (-0.03 and -0.09, 
respectively). 
Stewart and Schinckel (1990) reported high negative correlations between backfat 
and carcass lean percent of -0.71 for rp and -0.85 for rg. This study, however, found both rg 
(-0.02) and rp (-0.06) to be nearly zero between ACBF10 and LP. 
Bereskin and Steele (1988) reported estimated rg and rp between backfat and lean 
cut growth rate to be -0.20 and -0.02, respectively. This study found ACBF10 to be 
negatively con-elated to LADLGT both genetically (-0.33) and phenotypically (-0.36). 
Stewart and Schinckel (1990) reported correlations of low magnitude between 
CLMA and LD105. They reported rg and rp values of 0.05 and 0.03, respectively. Moeller 
(1994), in contrast, found negative rg (-0.03) between ACLMA and LD105. The results of 
this study agreed with that of Moeller (1994) for rg and rp between these two traits (-0.06 
and -0.04, respectively). 
Results of this study show the rp and rg between ALLMA and LP to be -0.29 and 
-0.36, respectively. Stewart and Schinckel (1990), however, summarized the estimates of 
several studies and are reported rp and rg to be 0.62 and 0.65, respectively. Similar results 
were found in the estimation of rp and rg between ALLMA and LADLGT. This study found 
almost the same magnitude for both rp (-0.41) and rp (-0.40) but Bereskin and Steele (1988) 
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reported positive values of rp and rg between CLMA and lean cut growth rate of 0.09 and 
0.73, respectively. 
Stewart and Schinckel (1990) in their summary from numerous research papers 
reported rp and fg between LD105 and carcass lean percent to be of the same magnitude 
(0.10). The results of the present study were similar to that report with values rp and rg 
between LD105 and LP of 0.07 and 0.08, respectively. 
LD105 was highly related both phenotypically and genetically to LADLGT (-0.88 and 
-0.92, respectively) in the present study, but rp and rg between LADLGT and LP as 
expected were of opposite sign but of lower magnitude (0.17 and 0.23, respectively). 
LBL was negatively by correlated both phenotypically and genetically with LADG, 
ALBF10, ALLMA, and LADLGT, but positively with LD105 and LP (Table 5). Several 
previous research studies have addressed in carcass length. Bereskin and Steele (1988) 
reported an estimated rp between carcass length and each of the traits; LADG, carcass 
backfat, CLMA, and lean cut growth rate, to be -0.08, -0.38, 0.12, and 0.05, respectively, 
while estimated rg between carcass lengtii and these ti'aits were -0.23, -0.73, -0.12, and 
-0.11, in the same respective order. Stewart and Schinckel (1990) summarized values 
from previous studies and reported average estimated rp between carcass length and each 
of the traits; LADG, LD105, CLMA, and carcass lean percent to be 0.08, -0.06, -0.21, 0.12, 
and 0.10, respectively, and average estimated rg to be 0.10, -0.10, -0.28, -0.18, and 0.18, 
respectively. 
Several genetic parameters estimated in the present study have not been estimated 
and/or published by other researchers. For those traits studied more frequentiy estimates 
from the present study for the most part fall within the range of literature estimates. 
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Implications 
The results of this study provide evidence of breed differences for genetic 
parameters of litter traits. Environmental effects and management practices are 
considered to influence the accuracy of these estimates. Accurate parameter estimates for 
traits in each breed are essential to the development of optimum breeding programs. 
Growth ti^its, in conti^st to litter ti^its, were found to be highly heritable. Live pig body 
lengtii appears to be related with carcass and performance traits in the same level as 
carcass length. Imported animals appear to express their genetic potential under the 
controlled environment and management practices in Thailand at or near tiie same levels 
as in their native homes. Hence, progress should be possible when breeding values 
specific to tiie population are used in an effort to achieve specific breeding goals. 
References 
Bereskin, B., and N. C. Steele. 1988. Estimates of genetic parameters for carcass 
measures of body composition and growth in swine. J. Anim. Sci. 66:2498. 
Biswas, D. K., P. V. Hurt, A. E. Chapman, N. L. First, and H. L. Self. 1966. Feed efficiency 
and carcass desirability in swine. J. Anim. Sci. 25:342. 
Boldman, K. G., LA. Kriese, L. D. Van VIeck, and S. D. Kachman. 1993. A manual for 
use of MTDFREML. A set of program to obtain estimates of variances and 
covariances [Draft]. U.S. Department of Agricultural Research Service. 
Ferguson, P. W., W. R. Harvey, and K. M. Irvin. 1985. Genetic, phenotypic and 
environmental relationships between sow body weight and sow productivity traits. 
J. Anim. Sci. 60:375. 
Ferraz, J. B. S., and R. K. Johnson. 1993. Animal model estimation of genetic parameters 
and response to selection for litter size and weight, growth, and backfat in closed 
seedstock populations of Large White and Landrace swine. J. Anim. Sci. 71:850. 
Goodwin, R. N. 1994. Genetic parameters of pork quality ti^its. Ph.D. Thesis. Iowa State 
Univ., Ames, lA. 
Hazel, L. N. 1943. The genetic basis for constructing selection indexes. Genetics 28:476. 
169 
Kaplon, M. J., M. F. Rothschild, P. J. Berger, and M. Healey. 1991. Genetic and 
phenotypic trends in Polish Large White nucleus swine herds. J. Anim. Sd. 69:551. 
Kuhlers, D. L, and S. B. JungsL 1983. Estimates of genetic parameters for growth and 
backfat thickness for swine tested to 105 and 135 kg. J. Anim. Sd. 57:879. 
Lamberson, W. R. 1990. Genetic parameters for reproductive traits. In: L. D. Young (Ed.) 
Genetics of Swine. Publ. NC-103. pp 70-76. Univ. of Nebraska, Lincoln, NB. 
Lamberson, W. R., R. K. Johnson, and D. R. Zimmerman. 1985. Responses to selection 
for reproductive traits in swine. Abstracts of the second International Congress on 
Pig Reproduction, p 49. 
Moeller, S. J. 1994. Evaluation of genetic parameters for fat and muscle deposition in 
swine utilizing serial real-time ultrasonic measurements. Ph.D. Thesis. Iowa State 
Univ., Ames, lA. 
NPPC. 1991. Procedures to evaluate market hogs. 3rd edition. National Pork Producers 
Council, Des Moines, lA. 
NPPC. 1995. Genetic evaluation: Terminal line program results. National Pork Producers 
Council, Des Moines, lA. 
NSIF. 1987. Guidelines for Uniform Swine Improvement Programs. National Pork 
Producers Council, Des Moines, lA. 
Pumfrey, R. A.. R. K. Johnson, P. J. Cunningham, and D. R. Zimmerman. 1980. 
Inheritance of teat number and its relationship to maternal traits in swine. J. Anim. 
Sci. 50:1057. 
Roehe, R., and B. W. Kennedy. 1995. Estimation of genetic parameters for litter size in 
Canadian Yorkshire and Landrace swine with each parity of farrowing ti-eated as a 
different trait J. Anim. Sci. 73:2959. 
Rotiischlld, M. F. 1996. Genetics and reproduction in pig. Anim. Reprod. Sd. 42:143. 
SAS. 1991. SAS® System for Linear Models. Third Edition. SAS Inst. Inc., Cary, NC. 
See, M. T. 1994. Heterogeneity of variance amongst swine herds for backfat. In: C. 
Smith, J. S. Gavora, B. Benkel, J. Chesnais, W. Fairfull, J. P. Gibson, B. W. 
Kennedy and E. B. Bumside (Ed.) Proc. 5th Worid Congr. Genet. Appl. Livest. 
Prod., Guelph, Canada 17:409. 
Sehested, E. 1994. Norway's testing change. In: C. Gill, P. Best, A. Henderson, L. 
Laskos and D. Hensen (Ed.) Pig Intematinal. 24(4): 13. 
170 
Short, T. H., E. R. Wilson, and D. G. McLaren. 1994. Relationships between growth and 
litter traits in pig dam lines. In: C. Smith, J. S. Gavora, B. Benkel, J. Chesnais, W. 
Fairfull, J. P. Gibson, 8. W. Kennedy and E. B. Bumside (Ed.) Proc. 5th Worfd 
Congr. Genet Appl. Livest Prod., Guelph, Canada 17:413. 
filler, R., F. Plocek, and S. Buchta. 1975. Genetic evaluation of fattening and carcass 
traits of pure breeds in the Czech Republic. Anim. Breed. Abstr. 43:3529. 
Staider, K. J. 1995. Effects of pordne stress syndrome genotype on maternal tieiits in 
swine. Ph.D. Thesis. Iowa State Univ., Ames, lA. 
Steane, D. E., Y. Chen, and Y. Yamada. 1994. Current developments in the conservation 
of domestic animal diversity - tiie Asia and Padfic region. In: C. Smith, J. S. 
Gavora, B. Benkel, J. Chesnais, W. Fairfull, J. P. Gibson, B. W. Kennedy and E. B. 
Bumside (Ed.) Proc. 5th World Congr. Genet. Appl. Livest Prod., Guelph, Canada 
21:431. 
Stewart, T. S., and A. P. Schinckel. 1990. Genetic parameters for swine growtii and 
carcass ti^its. In: L. D. Young (Ed.) Genetics of Swine. Publ. NC-103. pp 77-79. 
Univ. of Nebraska, Lincoln, NB. 
Wiggans, G. R., I. Mistal, and L. D. Van VIeck. 1988. Implementation of an animal model 
for genetic evaluation of dairy cattie in tiie United States. J. Dairy Sci. 71(Suppl. 
2):54. 
Yu, J. T., G. J- King, R. R. Hacker, S. Choowatanapakom, and N. Wang. 1994. Seasonal 
change of reproductive performance in different genetic groups of swine under 
ti-opical conditions. In: C. Smith, J. S. Gavora, B. Benkel, J. Chesnais, W. Fairfull, 
J. P. Gibson, B. W. Kennedy and E. B. Bumside (Ed.) Proc. 5tii World Congr. 
Genet Appl. Livest Prod., Guelph, Canada 20:363. 
Zeeck, C. 1968. Investigation of the production characters of Improved Landrace pigs in 
Gennan testing station. Anim. Breed. Abstr. 37:1964. 
Table 6. Distribution of records (and percent of total) of Landrace sows by trait and parity 
Parity Number born Number bom alive Birth weight Number weaned Weaning age Weaning weight 
1 884 (31.80) 00 00 (31.80) 861 (31.40) 726 (31.88) 726 (31.88) 727 (31.90) 
2 634 (22.81) 634 (22.81) 621 (22.65) 538 (23.63) 538 (23.63) 538 (23.61) 
3 440 (15.83) 440 (15.83) 438 (15.97) 357 (15.68) 357 (15.68) 357 (15.66) 
4 326 (11.73) 326 (11.73) 326 (11.89) 263 (11.55) 262 (11.51) 263 (11.54) 
5 225 (8.09) 225 (8.09) 225 (8.21) 193 (8.47) 193 (8.47) 193 (8.47) 
6 150 (5.39) 150 (5.39) 150 (5.47) 109 (4.79) 110 (4.83) 110 (4.83) 
7 77 (2.77) 77 (2.77) 77 (2.81) 58 (2.55) 58 (2.55) 58 (2.54) 
8 29 (1.04) 29 (1.04) 29 (1.06) 22 (0.97) 22 (0.97) 22 (0.97) 
9 13 (0.47) 13 (0.47) 13 (0.47) 9 (0.39) 9 (0.39) 9 (0.39) 
10 2 (0.07) 2 (0.07) 2 (0.07) 2 (0.09) 2 (0.09) 2 (0.09) 
Total 2,780 (100.00) 2,780 (100.00) 2,742 (100.00) 2,277 (100.00) 2,277 (100.00) 2,279 (100.00) 
Table 7. Distribution of records (and percent of total) of Yorkshire sows by trait and parity 
Parity Number born Number bom alive Birth weight Number weaned Weaning age Weaning weight 
1 812 (24.18) 812 (24.18) 778 (23.55) 718 (25.11) 718 (25.11) 718 (25.11) 
2 633 (18.85) 633 (18.85) 616 (18.64) 554 (19.38) 554 (19.38) 554 (19.38) 
3 496 (14.77) 496 (14.77) 494 (14.95) 425 (14.87) 425 (14.87) 425 (14.87) 
4 451 (13.43) 451 (13.43) 451 (13.65) 372 (13.01) 372 (13.01) 372 (13.01) 
5 377 (11.23) 377 (11.23) 376 (11.38) 324 (11.33) 324 (11.33) 324 (11.33) 
6 287 (8.55) 287 (8.55) 287 (8.69) 245 (8.57) 245 (8.57) 245 (8.57) 
7 177 (5.27) 177 (5.27) 177 (5.36) 128 (4.48) 128 (4.48) 128 (4.48) 
8 81 (2.41) 81 (2.41) 81 (2.45) 56 (1.96) 56 (1.96) 56 (1.96) 
9 30 (0.89) 30 (0.89) 30 (0.91) 27 (0.94) 27 (0.94) 27 (0.94) 
10 14 (0.42) 14 (0.42) 14 (0.42) 10 (0.35) 10 (0.35) 10 (0.35) 
Total 3,358 (100.00) 3,358 (100.00) 3,304 (100.00) 2,859 (100.00) 2,859 (100.00) 2,859 (100.00) 
Table 8. Distribution of records (and percent of total) of Duroc sows by trait and parity 
Parity Number bom Number bom alive Birth weight Number weaned Weaning age Weaning weight 
1 381 (40.62) 381 (40.62) 381 (40.71) 253 (37.71) 253 (37.71) 253 (37.71) 
2 219 (23.35) 219 (23.35) 218 (23.29) 162 (24.14) 162 (24.14) 162 (24.14) 
3 144 (15.35) 144 (15.35) 144 (15.38) 109 (16.24) 109 (16.24) 109 (16.24) 
4 99 (10.55) 99 (10.55) 98 (10.47) 76 (11.33) 76 (11.33) 76 (11.33) 
5 56 (5.97) 56 (5.97) 56 (5.98) 40 (5.96) 40 (5.96) 40 (5.96) 
6 28 (2.99) 28 (2.99) 28 (2.99) 21 (3.13) 21 (3.13) 21 (3.13) 
7 11 (1.17) 11 (1.17) 11 (1.18) 10 (1.49) 10 (1.49) 10 (1.49) 
Total 938 (100.00) 938 (100.00) 936 (100.00) 671 (100.00) 671 (100.00) 671 (100.00) 
Table 9. Distribution of records (and percent of total) of litter traits of Landrace sows by season® 
Season Number born Number born alive Birth weight Number weaned Weaning age Weaning weight 
W91 8 (0.29) 8 (0.29) 2 (0.07) 8 (0.35) 8 (0.35) 8 (0.35) 
S91 15 (0.54) 15 (0.54) 4 (0.15) 15 (0.66) 15 (0.66) 15 (0.66) 
R91 23 (0.83) 23 (0.83) 5 (0.18) 22 (0.97) 22 (0.97) 22 (0.97) 
W92 155 (5.58) 155 (5.58) 153 (5,58) 124 (5.44) 124 (5.44) 124 (5.44) 
S92 128 (4.60) 128 (4.60) 128 (4.67) 91 (4.00) 91 (4.00) 91 (3.99) 
R92 205 (7.37) 205 (7.37) 204 (7.44) 176 (7.73) 176 (7.73) 176 (7.72) 
W93 330 (11.87) 330 (11.87) 330 (12.03) 306 (13.44) 307 (13.48) 307 (13.47) 
S93 305 (10.97) 305 (10.97) 305 (11.12) 258 (11.33) 257 (11.29) 259 (11.36) 
R93 349 (12.55) 349 (12.55) 349 (12.73) 218 (9.57) 218 (9.57) 218 (9.57) 
W94 406 (14.60) 406 (14.60) 406 (14.81) 288 (12.65) 288 (12.65) 288 (12.64) 
S94 372 (13.38) 372 (13.38) 372 (13.57) 333 (14.62) 333 (14.62) 333 (14.61) 
R94 396 (14.25) 396 (14.25) 396 (14.44) 370 (16.25) 370 (16.25) 370 (16.24) 
W95 88 (3.17) 88 (3.17) 88 (3.21) 68 (2.99) 68 (2.99) 68 (2.98) 
Total 2,780 (100.00) 2,780 (100.00) 2,742 (100.00) 2,277 (100.00) 2,277 (100.00) 2,279 (100.00) 
® W = winter, S = summer, and R = rainy season. 
Table 10. Distribution of records (and percent of total) of litter traits of Yorkshire sows by season ° 
Season Number born Number born alive Birth weight Number weaned Weaning age Weaning weight 
W90 1 (0.03) 1 (0.03) - - - -
R90 3 (0.09) 3 (0.09) 2 (0.06) 3 (0.10) 3 (0.10) 3 (0.10) 
W91 7 (0.21) 7 (0.21) 3 (0.09) 9 (0.31) 9 (0.31) 9 (0.31) 
S91 13 (0.39) 13 (0.39) 2 (0.06) 10 (0.35) 10 (0.35) 10 (0.35) 
R91 32 (0.95) 32 (0.95) 2 (0.06) 30 (1.05) 30 (1.05) 30 (1.05) 
W92 211 (6.28) 211 (6.28) 206 (6.23) 178 (6.23) 178 (6.23) 178 (6.23) 
S92 104 (3.10) 104 (3.10) 104 (3.15) 80 (2.80) 80 (2.80) 80 (2.80) 
R92 253 (7.54) 253 (7.54) 253 (7.66) 204 (7.13) 204 (7.13) 204 (7.13) 
W93 450 (13.40) 450 (13.40) 449 (13.59) 417 (14.59) 417 (14.59) 417 (14.59) 
S93 440 (13.10) 440 (13.10) 439 (13.29) 408 (14.27) 408 (14.27) 408 (14.27) 
R93 444 ( 13.22) 444 (13.22) 444 (13.44) 309 (10.81) 309 (10.81) 309 (10.81) 
W94 444 (13.22) 444 (13.22) 444 (13.44) 315 (11.02) 315 (11.02) 315 (11.02) 
S94 419 (12.48) 419 (12.48) 419 (12.68) 389 (13.61) 389 (13.61) 389 (13.61) 
R94 453 (13.49) 453 (13.49) 453 (13.71) 430 (15.04) 430 (15.04) 430 (15.04) 
W95 84 (2.50) 84 (2.50) 84 (2.54) 77 (2.69) 77 (2.69) 77 (2.69) 
Total 3,358 (100.00) 3,358 (100.00) 3,304 (100.00) 2,859 (100.00) 2,859 (100.00) 2,859 (100.00) 
" W = winter, S = summer, and R = rainy season. 
Table 11. Distribution of records (and percent of total) of litter traits of Duroc sows by season" 
Season Number bom Number bom alive Birth weight Number weaned Weaning age Weaning weight 
W92 26 (2.77) 26 (2.77) 26 (2.77) 24 (3.58) 24 (3.58) 24 (3.58) 
S92 43 (4.58) 43 (4.58) 43 (4.58) 9 (1.34) 9 (1.34) 9 (1.34) 
R92 63 (6.72) 63 (6.72) 63 (6.72) 52 (7.75) 52 (7.75) 52 (7.75) 
W93 113 (12.05) 113 (12.05) 112 (12.05) 78 (11.62) 78 (11.62) 78 (11.62) 
S93 107 (11.41) 107 (11.41) 107 (11.41) 77 (11.48) 77 (11.48) 77 (11.48) 
R93 121 (12.90) 121 (12.90) 121 (12.90) 68 (10.13) 68 (10.13) 68 (10.13) 
W94 136 (14.50) 136 (14.50) 135 (14.50) 109 (16.24) 109 (16.24) 109 (16.24) 
S94 141 (15.03) 141 (15.03) 141 (15.03) 109 (16.24) 109 (16.24) 109 (16.24) 
R94 155 (16.52) 155 (16.52) 155 (16.52) 119 (17.74) 119 (17.74) 119 (17.74) 
W95 33 (3.52) 33 (3.52) 33 (3.52) 26 (3.88) 26 (3.88) 26 (3.88) 
Total 938 (100.00) 938 (100.00) 936 (100.00) 671 (100.00) 671 (100.00) 671 (100.00) 
" W = winter, S = summer, and R = rainy season. 
Table 12. Means and standard errors of litter traits of Landrace sows by parity 
Parity Number born Number bom alive Birth weight Number weaned Weaning age Weaning weight 
pigs pigs kg pigs days kg 
1 10.05 ±0.10 8.5610.10 14.00 ±0.17 8.97 ±0.07 22.73 ±0.10 55.08 ± 0.56 
2 9.82 ±0.12 8.62 ±0.11 15.45 ±0.19 8.89 ±0.08 22.93 ±0.10 59.04 ± 0.69 
3 10.94±0.14 9.73±0.13 16.98±0.23 9.11 ±0.10 23.41 ±0.16 59.86± 0.92. 
4 11.34 ±0.16 9.92 ±0.15 17.05 ±0.26 9.06 ±0.12 23.68 ±0.15 59.79 ± 1.05 
5 10.71 ±0.20 9.37 ±0.18 16.14 ±0.30 8.94 ±0.14 23.90 ±0.14 59.85 ± 1.18 
6 10.11 ±0.24 8.59±0.24 14.57±0.39 8.75±0.14 23.69±0.20 58.97± 1.39 
7 9.96 ±0.36 8.47 ±0.33 13.87 ±0.50 8.62 ± 0.22 23.78 ± 0.34 56.10 ± 2.59 
8 9.83 ±0.61 8.21 ±0.57 13.90 ±0.94 8.50 ±0.55 23.64 ±0.49 58.27 ± 5.15 
9 9.23 ±0.76 8.08 ±0.58 13.57 ± 0.92 7.67 ±0.73 24.11 ±0.87 52.27 ± 7.42 
10 10.00 ±1.00 8.00 ±1.00 13.00 ±2.00 8.50 ±1.50 20.50 ±1.50 60.50 ±22.50 
Total 10.34 ±0.06 8.98 ±0.06 15.37 ±0.09 8.95 ±0.04 23.18 ±0.05 57.95 ± 0.34 
Table 13. Means and standard errors of litter traits of Yorkshire sows by parity 
Parity Number bom Number born alive Birth weight Number weaned Weaning age Weaning weight 
pigs pigs kg pigs days kg 
1 8.88 ±0.11 7.78 ±0.11 11.40 ±0.16 8.60 ±0.07 23.84 ±0.09 49.69 ±0.55 
2 9.20 ±0.13 8.40 ±0.12 13.46 ±0.19 8.84 ±0.09 23.04 ± 0.10 54.82 ±0.72 
3 10.24±0.14 9.36±0.13 14.71 ±0.20 8.86 ±0.09 23.53±0.12 53.35±0.84 
4 10.57 ±0.14 9.60 ±0.13 14.76 ±0.20 8.98 ±0.10 23.68 ±0.13 56.88 ±0.83 
5 10.41 ±0.15 9.24 ±0.14 14.06 ±0.20 8.86 ±0.11 23.51 ±0.13 55.40 ±0.96 
6 10.69 ±0.17 9.37 ±0.16 13.87 ±0.23 8.88 ±0.12 23.24 ±0.19 55.27 ±1.03 
7 9.86 ±0.22 8.50 ±0.22 12.59 ± 0.31 8.39 ±0.16 24.13 ±0.19 50.00 ±1.32 
8 9.77 ±0.35 8.16 ±0.29 12.16 ±0.43 8.89 ±0.22 24.02 ± 0.25 54.13 ±1.97 
9 10.53 ±0.47 9.03 ±0.35 12.87 ± 0.57 9.04 ±0.30 23.15 ± 0.57 56.87 ±2.57 
10 9.50 ±0.63 8.00 ±0.46 11.61 ±0.48 7.80 ±0.39 25.40 ± 0.86 56.70 ±4.67 
Total 9.78 ±0.05 8.73 ±0.05 13.35 ±0.08 8.79 ±0.04 23.29 ±0.05 53.48 ±0.31 
Table 14. Means and standard errors of litter traits of Duroc sows by parity 
Parity Number bom Number bom alive Birth weight Number weaned Weaning age Weaning weight 
pigs pigs kg pigs days kg 
1 8.67 ±0.14 7.20 ±0.14 10.11 ±0.21 7.84 ±0.12 23.28 ± 0.18 42.32 ±0.90 
2 9.37 ±0.19 8.21 ±0.19 12.38 ± 0.27 7.85 ±0.15 23.45 ±0.24 48.66 ±1.19 
3 9.90 ±0.25 8.63 ±0.25 12.70 ±0.34 7.73 ±0.19 23.88 ±0.20 44.27 ±1.37 
4 10.09 ±0.31 8.84 ±0.27 12.95 ±0.44 7.80 ±0.20 23.99 ± 0.32 44.62 ±1.67 
5 10.20 ±0.34 8.43 ±0.36 12.72 ±0.46 8.08 ±0.27 24.18 ±0.35 48.41 ±2.18 
6 9.64 ±0.56 8.04 ±0.51 12.47 ±0.93 8.10 ±0.48 23.81 ±0.67 48.43 ±3.36 
7 10.46 ±0.71 8.82 ±0.78 12.82 ±0.88 7.00 ±0.49 22.90 ±0.46 45.10 ±4.78 
Total 9.31 ± 0.09 7.94 ± 0.09 11.59 ± 0.14 7.83 ± 0.07 23.56 ± 0.11 45.02 ± 0.57 
Table 15. Means and standard errors of litter traits of Landrace sows by season® 
Season Number bom 
pigs 
Number bom alive 
pigs 
Birth weight 
kg 
Number weaned 
pigs 
Weaning age 
days 
Weaning weight 
kg 
W91 9.00 ± 0.73 8.75 ± 0.82 15.00 ±2.00 9.13 ±0.67 22.13 ±0.97 55.38 ± 3.76 
S91 9.27 ±0.96 8.07 ±0.80 11.25 ± 1.75 8.80 ±0.38 22.93 ±0.56 54.70 ±2.86 
R91 9.91 ±0.83 8.70 ±0.75 8.96 ± 3.06 8.95 ± 0.32 23.27 ± 0.56 60.50 ±2.75 
W92 9.88 ± 0.23 8.51 ± 0.24 14.22 ±0.40 8.36 ±0.16 21.31 ±0.23 53.93 ±1.17 
S92 10.16 ±0.28 8.76 ± 0.25 15.42 ±0.37 8.47 ±0.19 22.84 ± 0.24 57.40 ±1.38 
R92 9.83 ± 0.22 8.23 ± 0.22 14.16 ±0.36 8.43 ±0.13 22.30 ± 0.21 54.62 ±1.03 
W93 10.20 ±0.17 8.99 ±0.17 15.75 ±0.29 8.96 ±0.13 23.79 ±0.18 53.06 ± 0.94 
S93 10.14 ±0.17 9.10 ±0.17 15.29 ±0.29 8.98 ±0.10 23.14 ±0.13 51.76 ±1.08 
R93 10.13±0.16 8.78 ±0.17 15.11 ±0.29 9.15±0.15 23.55 ±0.21 57.28 ±1.30 
W94 10.65 ±0.15 9.18 ±0.14 15.66 ±0.23 9.05 ±0.11 23.70 ±0.15 60.96 ±0.97 
S94 10.92 ±0.14 9.47 ±0.14 16.12 ±0.24 9.57 ± 0.09 23.84 ±0.12 64.33 ±0.79 
R94 10.33 ±0.15 8.95 ±0.14 15.46 ±0.23 8.80 ± 0.09 22.72 ± 0.09 61.41 ±0.81 
W95 11.15 ±0.29 9.43 ± 0.25 15.53 ±0.45 8.65 ± 0.20 22.57 ±0.19 59.84 ±1.89 
Total 10.34 ±0.06 8.98 ± 0.06 15.37 ±0.09 8.95 ± 0.04 23.18 ±0.05 57.95 ±0.34 
" W = winter, S = summer, and R = rainy season. 
Table 16. Means and standard errors of litter traits of Yorkshire sows by season" 
Season Number born 
pigs 
Number born alive 
pigs 
Birth weight 
kg 
Number weaned 
pigs 
Weaning age 
days 
Weaning weight 
kg 
W90 13.00 ±0.00 4.00 ± 0.00 - - - -
R90 9.00 ±1.73 8.33 ± 1.20 11.50 ±3.50 9.33 ± 0.67 28.67 ± 3.67 59.67 ±10.48 
W91 10.86 ±1.44 8.43 ±1.17 13.67 ±1.20 9.56 ± 0.44 23.22 ±0.76 62.33 ± 5.20 
S91 11.39 ±0.64 10.39 ± 0.67 11.50 ±5.50 9.50 ± 0.40 23.80 ± 0.53 56.30 ±3.18 
R91 9.97 ± 0.45 8.88 ±0.41 9.00 ± 1.00 8.97 ± 0.28 23.03 ±0.55 54.78 ±2.16 
W92 9.65 ± 0.22 8.49 ± 0.20 12.59 ±0.31 8.33 ±0.17 21.80 ±0.22 51.08 ±1.20 
S92 9.54 ±0.12 8.28 ± 0.32 12.97 ±0.47 8.79 ± 0.22 22.74 ±0.28 55.80 ±1.50 
R92 9.05 ± 0.21 7.71 ±0.21 11.70 ±0.31 8.31 ±0.13 22.16 ±0.15 52.27 ±1.02 
W93 9.98 ±0.15 9.11 ±0.14 13.83 ±0.21 8.56 ±0.10 23.76 ±0.14 49.26 ± 0.75 
S93 9.57 ±0.15 8.89 ±0.15 13.44 ±0.21 8.78 ± 0.09 22.99 ±0.11 46.31 ± 0.81 
R93 9.71 ±0.15 8.81 ±0.14 13.76 ±0.21 8.92 ±0.13 24.09 ±0.15 52.17 ±1.03 
W94 9.81 ±0.14 8.71 ±0.14 13.55 ±0.22 8.73 ±0.11 23.91 ±0.12 56.53 ±0.95 
S94 10.24 ±0.15 9.17 ±0.14 14.03 ±0.21 9.48 ± 0.08 23.87 ±0.11 61.52 ±0.79 
R94 9.86 ±0.14 8.55 ±0.13 13.09 ±0.20 8.75 ± 0.08 22.91 ±0.10 56.45 ± 0.68 
W95 9.87 ± 0.35 8.48 ± 0.33 12.74 ± 0.48 8.43 ±0.17 22.70 ±0.32 54.22 ±1.72 
Total 9.78 ± 0.05 8.73 ± 0.05 13.35 ±0.08 8.79 ± 0.04 23.29 ±0.05 53.48 ± 0.31 
® W = winter, S = summer, and R = rainy season. 
Table 17. Means and standard errors of litter traits of Duroc sows by season ° 
Season Number born Number bom alive Birth weight Number weaned Weaning age Weaning weight 
pigs pigs kg pigs days kg 
W92 9.15 ±0.46 . 7.81 ±0.41 12.08 ±0.68 7.21 ±0.38 21.63 ±0.39 45.44 ±2.49 
S92 9.21 ± 0.40 7.72 ± 0.39 12.06 ±0.66 6.22 ±0.68 21.56 ±0.88 36.33 ± 3.74 
R92 8.4310.38 6.98 ± 0.39 10.69 ±0.59 7.21 ±0.23 22.21 ± 0.38 47.42 ±1.93 
W93 9.20 ± 0.29 7.69 ± 0.30 11.52 ±0.43 7.72 ± 0.25 24.95 ± 0.31 39.58 ±1.65 
S93 9.07 ± 0.30 8.16 ±0.28 11.76 ±0.41 7.62 ± 0.21 22.97 ± 0.27 36.02 ±1.28 
R93 8.69 ± 0.27 7.40 ± 0.27 10.92 ±0.43 7.87 ± 0.23 24.31 ± 0.38 42.77 ±1.85 
W94 9.63 ± 0.25 8.24 ± 0.24 11.88 ±0.33 7.86 ±0.16 23.77 ± 0.23 46.64 ±1.23 
S94 9.72 ± 0.23 8.32 ± 0.22 12.21 ±0.32 8.73 ±0.18 24.06 ± 0.30 54.37 ±1.59 
R94 9.82 ± 0.20 8.52 ±0.21 11.91 ±0.31 7.71 ±0.15 23.14 ±0.20 44.96 ±1.07 
W95 9.33 ±0.51 6.82 ± 0.58 9.15 ±0.85 7.65 ± 0.30 23.35 ± 0.62 46.08 ± 3.01 
Total 9.31 ±0.09 7.94 ± 0.09 11.59 ±0.14 7.83 ± 0.07 23.56 ±0.11 45.02 ±0.57 
' W = winter, S = summer, and R = rainy season. 
183 
Table 18. Distribution of pigs (and percent of total), means and standard errors of growth 
traits* by sex 
Traits Boar Gilt Total 
N, pigs (%) 4,961 (33.35) 9,870 (66.55) 14,831 (100.00) 
LADG, kg/day 0.721 ±0.001 0.711± 0.001 0.715± 0.001 
ALBF10, cm 1.26 ±0.00 1.34 ±0.00 1.32 ±0.00 
ALLMA, cm^ 38.38 ±0.10 39.39 ±0.07 39.05 ±0.06 
LD105, day 168.99 ±0.22 173.59 ±0.15 172.05 ±0.13 
LP, % 55.98 ±0.04 56.28 ±0.03 56.18 ±0.02 
LADLGT, kg/day 0.345± 0.000 0.330± 0.000 0.335± 0.000 
LBL ^ cm 109.24 ±0.15 108.54 ±0.11 108.83 ±0.09 
® See list of abbreviations. 
Average from 1,914 records of boan 2,828 records of gilt; and 4,742 records in total. 
Table 19. Distribution of pigs (and percent of total), means and standard errors of growth traits' by season'' 
Traits W93 S93 R93 W94 S94 R94 Total 
N. pigs(%) 900(6.07) 1.873(12.63) 1.869(12.60) 2,654(17.89) 3,545(23.90) 3,990(26.90) 14,831(100.00) 
U\DG, kg/day 0.706±0.003 0.682±0.002 0.730±0.002 0.705±0.002 0.746±0.002 0.703±0.002 0.715±0.001 
ALBF10, cm 1.48 ±0.02 1.46 ±0.01 1.43 ±0.01 1.22 ±0.01 1.25 ±0.00 1.28 ±0.00 1.32 ±0.00 
ALLMA, cm^ 45.60 ±0.20 46.54 ±0.13 47.00 ±0.13 35.94 ±0.12 35.41 ±0.07 35.64 ±0.06 39.05 ±0.06 
LD105, day 171.86 ±0.46 177.02 ±0.36 168.18 ±0.32 170.16 ±0.27 168.81 ±0.25 175.70 ±0.27 172.05 ±0.13 
LP. % 57.38 ±0.11 58.66 ±0.07 59.00 ±0.06 55.17 ±0.05 54.97 ±0.04 55.17 ±0.03 56.18 ±0.02 
LADLGT, kg/day 0.327±0.001 0.326±0.001 0.351±0.001 0.335±0.001 0.337±0.001 0.332±0.001 0.335±0.000 
LBL°.cm 107.85 ±0.19 108.41 ±0.15 109.94 ±0.14 105.18 ±0.62 -  -  108.83 ±0.09 
" See list of abbreviations. 
'• W = winter, S = summer, and R = rainy season. 
® Average from 900 records in W93: 1,860 records in S93; 1,867 records in R93,115 records in W94; and 4,742 records in 
total. 
Table 20. Phenotypic, genetic, environmental, uncorrelated random (co)variances° and percent of phenotypic variances" for 
litter traits'' of three breeds 
Trait NB NBA LAWT LWWT Vg Ve Vus Vup 
Landrace 
NB 9.0075 0.0960 -0.1502 -0.3607 0.1724 ( 1.91) 7.2005 (79.94) 1.1936(13.25) 0.4410 ( 4.90) 
NBA 7.2717 8.4061 -0.0327 0.5699 0.1695 ( 2.02) 6.8747 (81.78) 1.0254 (12.20) 0.3365 ( 4.00) 
LAWT 9.9747 12.2442 22.8702 1.8784 0.9041 ( 3.95) 17.8538 (78.07) 3.2998 (14.43) 0.8125 ( 3.55) 
LWWT 2.8715 5.6100 14.0320 248.5488 7.8704 ( 3.17) 231.7413 (93.24) 0.1012 ( 0.04) 8.8359 ( 3.55) 
Yorkshire 
NB 9.3722 1.0391 1.0124 1.4963 1.1964 (12.77) 7.0074 (74.77) 0.8164 ( 8.71) 0.3520 ( 3.75) 
NBA 7.0512 8.5765 1.0199 1.3289 0.9539 (11.12) 6.4611 (75.34) 0.7873 ( 9.18) 0.3742 ( 4.36) 
LAWT 9.8062 11.1529 18.5456 2.4721 2.1140 (11.40) 13.5710(73.18) 1.9613(10.57) 0.8993 ( 4.85) 
LWWT 4.3901 5.3114 11.4805 240.1288 11.0158 ( 4.59) 216.5784 (90.19) 2.4372 ( 1.02) 10.0974 ( 4.20) 
Duroc 
NB 8.8696 0.1670 0.0645 1.2502 0.3481 ( 3.93) 7.2530 (81.77) 0.7769 ( 8.76) 0.4916 ( 5.54) 
NBA 7.2759 8.7515 0.0533 0.9453 0.1533 ( 1.75) 7.4113 (84.69) 0.7423 ( 8.48) 0.4446 ( 5.08) 
LAWT 9.0281 11.4247 18.2552 1.5697 0.4998 ( 2.74) 15.4054 (84.39) 1.3160 ( 7.21) 1.0340 ( 5.66) 
LWWT 2.6572 4.4141 7.8675 190.8353 9.2792 ( 4.86) 177.2670 (92.89) 2.7543 ( 1.44) 1.5348 ( 0.81) 
" Phenotypic variances on the diagonal, genetic covariances above the diagonal, phenotypic covariances below the diagonal, 
Vg = genetic variances, Vg = environmental variances, Vus=uncorrelated random (service sire) variances, and 
Vup=uncorrelated random (permanent environment) variances. 
Values in parentheses. 
° See list of abbreviations. 
Table 21. Phenotypic, genetic, environmental (co)variances° and percent of phenotypic variances'" for growth traits" 
Trait LADG ALBF10 ALLMA LD105 LP LADLGT LBL VG Ve 
l^DG 977.0147 0.1876 5.6698 -102.3785 -1.3422 0.2869 -11.0342 675.5050 (69.14) 301.5097 (30.86) 
ALBF10 0.3496 0.1095 -0.0673 -0.1217 -0.0018 -0.0012 -0.0395 0.0544 (49.68) 0.0551 (50.32) 
ALLMA 7.5728 -0.1840 24.4446 -1.3051 -0.6670 -0.0236 -2.7802 13.1616 (53.84) 11.2831 (46.16) 
LD105 -136.4084 -0.0614 -1.2473 50.4521 0.2093 -0.0872 3.8082 32.3487 (64.12) 18.1034 (35.88) 
LP -1.4270 -0.0115 -0.8523 0.2544 0.3292 0.0017 0.2285 0.2338 (71.02) 0.0954 (28.98) 
UDLGT 0.5152 -0.0027 -0.0460 -0.1579 0.0021 0.0005 -0.0086 0.0002 (50.00) 0.0002 (50.00) 
LBL -16.8962 -0.0196 -1.4152 3.6499 0.0623 -0.0132 15.6793 6.8943 (43.97) 8.7849 (56.03) 
° Phenotypic variances on the diagonal, genetic covariances above the diagonal, phenotypic covariances below the diagonal, 
Vq = genetic variances, and Ve = environmental variances. 
'' Values in parentheses. 
" See list of abbreviations. 
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GENERAL SUMMARY 
Two investigations of this dissertation involved Chinese and American breeds. The 
first study examined a composite line of NN, Nn, and nn animals produced by Chinese 
Minzhu sows mated to stress camer Duroc boars. Negative animals are superior for litter, 
growth and muscle quality traits, but inferior for carcass traits when compared to stress 
positive pigs. Cam'er animals possessed intermediate performance for neariy all traits 
studied. Duroc-Minzhu crossbreds demonstrated improved litter size but not growth rate 
was less than that purebred Duroc or Minzhu. One-quarter Minzhu carcasses were not 
superior in muscle quality as was expected and produced carcasses inferior in quantitative 
compared to those of purebred Durocs. 
The second study involved comparison of synthetic lines selected for high lean gain 
(HL), and low lean (LL), and a randomly selected control line (CL) produced by Chinese 
Meishan sows mated to selected Yorkshire boars. HL animals were superior for litter and 
growth traits compared to LL and CL pigs. Carcass and meat quality traits, however, were 
not different among the three lines. Crossbred Yorkshire-Meishan were superior for litter 
size, but inferior for individual weight and growth rate traits compared to purebred 
Yorkshires. Crossbred carcasses were significantly inferior (P<.05) for carcass traits but 
superior for muscle quality traits compared to those of Yoricshires. 
Genetic parameters were estimated for purebred Landrace, Yoricshire, and Duroc 
breeds. Litter trait parameters tended to differ by breed but standard errors were large, 
particularly for Durocs where the number of observations was limited. Most heritability 
estinnates and genetic and phenotypic correlations of and among growth traits were of 
slightly lower magnitude than those from most previously reported studies, but fall within 
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the reported ranges. These parameters then now be used in developing breeding 
programs for genetic improvement of their respective population. 
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